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Introduction 

This  final  report  is  organized  into  two  parts.  The  first  part  ^  an  executive  surunary 
which  is  contained  in  the  first  37  pages  of  the  report,  and  the  second  part  is  the  complete 
and  full  Technical  Data  Package  provided  to  the  U.S.  Army  accoramg  to  the  technical  stan¬ 
dards  required  for  reporting  this  completed  contract  effort.  The  executi  /e  summary  is 
included  because  the  complete  manuscript  (Technical  Data  Package)  is  so  long  as  to  be  very 
time  consuming  to  read  in  its  entirety,  and  the  abstract  is  too  short  for  even  an  overview  of 

such  an  extensive  effort. 


Nature  of  the  Problem 

Medical  care  of  casualties  on  the  1  *Ie5e!d  is  a  major  challenge  to  miiitary  operations 
under  a!!  conditions,  but  is  especially  da-cult  -with  'he  risk  of  chemical  agent  exposure.  In 
particular  the  eu:r4-n'.y  hep.oyec  chemical  protective  ensemble  to  he  worn  by  L . hi .  Army 
personnel  in  a  chemical  agent  environment  nas  createa  a  unique  problem.  When  fully  pro¬ 
tected  (that  is  at  MCPP-4  level)  by  the  complete  ensemble,  it  i3  not  possible  for  the  medic 
to  determine  whether  a  motionless  casualty  is  alive  or  dead.  Neither  taking  a  pulse,  nor  see¬ 
ing  chest  motion  with  breathing  is  possible  due  to  the  bulky,  thick  material  of  the  cherrdcal 
defense  suit.  The  mask  prevents  the  medic  from  detecting  air  3ow  during  respiration. 

Of  course,  the  chemical  defense  gear  cannot  be  removed  from  the  casualty  for  the  pur¬ 
pose  of  gaining  access  to  the  anatomical  sites  suitable  for  detecting  the  pulse  or  respiration 
because  removal  of  the  gear  without  decontamination  would  expose  the  casualty  to  the 
chemical  agent.  Consequently,  there  is  a  need  for  a  method  to  determine  whether  or  not  a 
casualty  in  full  chemical  protective  gear  is  dead  or  aiive  without  violating  the  integrity  of 
the  protective  gear.  This  is  the  problem  addressed  in  the  project  DAMD  17-37-C-7195. 


Background  of  Previous  Work 

The  HHIenbrand  Biomedical  Engineering  Center  of  Purdue  University  has  developed  a 
new  method  of  detecting  life  signs  using  a  sensor  system  worn  on  the  wrist.  Several  events 
can  be  detected,  including  motion,  heart  rate  and  respiration  using  this  sensor.  We  pro¬ 
posed  in  19S5  to  develop  a  prototype  system  for  field  testing  which  would  provide  remote 
casualty  triage  and  location  using  a  2-way  radio  link,  the  new  sensors,  and  a  stimulus- 
response  sequence  whereby  the  soidier  could  indicate  his  or  her  status  to  field  medical  per¬ 
sonnel. 

Remote  Triage  System 

We  proposed  and  showed  feasibility  for  remote  triage  of  casualties  in  the  battlefield. 
We  also  proposed  further  development  to  achieve  a  practical  and  fieldable  system  The  sys¬ 
tem  envisioned  would  include  sensors  worn  on  the  wrist  of  each  soldier  (Figure  1)  to  deter¬ 
mine  responsiveness,  motion,  heart  rate,  and  respiratory  rate.  A  computer  based  expert  sys¬ 
tem  at  a  central  station  (Figure  2)  uses  these  data  to  triage  soldiers  into  categories  of  1) 
functional,  2)  wounded  but  stable,  3)  needing  immediate  evacuation,  4)  alive,  but  fatally 
wounded,  and  5)  dead.  Display  of  this  information  is  provided  in  tabular  or  graphic  form 
on  a  terminal  at  central  station.  The  system  operates  under  control  of  the  central  station 
operator  who  uses  the  menu  driven  program  in  the  central  computer.  A  major  capability  of 
the  system  is  to  determine  consciousness  and  responsiveness  remotely.  Also,  the  2-wav  radio 
link  allows  the  location  of  the  casualties  using  a  graphic  display  of  the  battlefield. 

For  example  after  friendly  forces  have  achieved  control  of  the  battlefield,  the  central 
station  interrogates  ail  of  the  soldier  PMC’s  by  radio  transmission  (Figure  3).  A  non¬ 
painful,  safe,  electrical  stimulus  is  applied  to  the  soldiers'  wrists  from  electrodes  A  and  B  on 
the  inner  surface  of  the  wristband  (Figure  3).  If  the  soldier  is  ail  right,  he  pushes  the  "OK” 
button.  If  the  OK  button  is  not  pushed  (Figure  4),  impedance  sensors  switch  on  in  the 
wristband  and  record  motion,  heart  rate  and  respiration.  All  dita  is  processed  and  stored 
in  the  wristband’s  microprocessor. 

A  second  radio  signal  is  then  sent  to  all  wrist  units  which  instructs  the  wrist  umts  to 
serially  transmit  back  the  data  in  a  short  data  bit  sequence  (Figure  5).  The  central  station 
expert  system  *.h~n  categories  all  soldiers,  and  determines  location  of  the  casualties  only. 
Non-casual* ies  con’d  be  lock'd  out  of  the  locator  capability. 

Data  can  be  presented  at  central  st  »tion  in  the  form  nf  detailed  tabular  data  (Figure 
6;,  or  bar  graph  summaries  (Figure  7),  as  well  as  display  of  casualty  location  (Figure  8). 
Thus  medics,  ambulances  and  other  resources  can  be  deployed  to  best  advantage,  favorably 
affecting  mortality  and  morbidity  of  casualties,  and  decreasing  risk  to  medical  personnel. 


Interrogate 


Figure  3. 


The  wrist  unit  is  activated  by  a  "interrogate’'  radio  signal  (on  left), 
ard  ;f  soldier  feels  stimulus,  the  "OK”  button  is  pushed. 


IF  the  "OK"  button  Is  net  pushed  by  the  soldier,  the  sense's  switch 
on,  obtain  physic ;c§ic  cata,  and  store  the  data  m  memory. 
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Figure  6.  Tabular  presentation  of  casualty  data  at  central  station  display. 
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Figure  7.  Craphic  presentation  of  casualty  <lata  at  central  station  display. 


In  summary,  the  individual  soldier’s  equipment  is  worn  on  the  wrist,  and  includes  a 
2-way  radio  link,  a  stimulator  which  applies  a  safe,  non-painful  electrical  stimulus  to  the 
wrist,  a  response  switch,  a  tetrapolar.  dry-electrode,  impedance  measuring  plethysmograph, 
and  a  microprocessor-based  signal  processor  which  determines  subject  motion,  heart  rate 
and  respiratory  rate.  The  central  station  consists  of  2  antennas  and  2-way  radio  links, 
menu-driven  software  for  the  expert  system,  and  tabular  or  graphic  displays  on  a  small 
portable  computer.  Graphic  display  includes  the  soldiers’  triage  category  and  location. 

The  system  is  envisioned  to  be  optimized  for  operation  after  a  battle,  or  during  lulls  in 
action,  when  deployment  of  medical  personnel  is  most  practical,  and  security  of  the  infor¬ 
mation  can  be  best  assured.  Finally,  the  system  will  be  operational  under  conditions  of  con¬ 
ventional  or  chemical  battlefield  warfare  at  all  levels  up  to  and  including  MOPP-4. 

On  February  26,  1986  a  prototype  system  was  demonstrated  to  the  Army  in  W.  Lafay¬ 
ette.  Indiana,  on  the  Purdue  Campus.  The  prototype,  soldier-worn  hardware  as  demon¬ 
strated,  is  shown  in  Figure  9. 
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Purpose  of  Present  Work 

Because  of  the  need  for  a  system  to  detect  life  in  a  casualty  wearing  chemical  defense 
equipment  our  development  erfort  was  redirected  away  from  the  remote  triage  system  at  the 
request  of  the  Army,  and  funded  in  1986  to  orovide  a  life  detector  system  with  these  charac¬ 
teristics  for  concept  evaluation: 

1.  A  complete  functional  system  comprised  of  2  pieces  of  hardware,  the  wristband 
(PMC)  and  the  hand-held  interrogator,  or  monitor  (HHM). 

2.  Two  (2)  systems  to  be  provided,  i.e.  2  wrist  bands  and  2  interrogators. 

3.  The  system  will  be  operable  with  both  the  wearer  and  medic  in  NBC  protective  cloth¬ 
ing  ensemble,  or  with  the  wearer  in  a  chemical  warfare  agent  protective  wrap  and  the 
medic  in  NBC  protective  clothing  ensemble.  No  penetration,  or  removal,  of  the  chem¬ 
ical  protective  gear  will  be  required  for  use. 

4.  Both  hardware  items  will  be  battery  operated,  with  replaceable  batteries. 

5.  The  interrogator  will  provide  readout  of  heart  rate  on  an  LCD. 

6.  The  system  will  be  operable  at  a  range  of  up  to  5  feet  between  the  interrogator 
(medic)  and  wearer  (casualty). 

7.  No  direct  contact  will  be  required  between  the  user  (medic)  and  wearer  (casualty). 

8.  The  system  will  be  designed  to  discriminate  as  much  as  possible  between  the  heart 
rate  and  expected  artifacts  of  noise,  vibration,  motion,  and  environmental  electronic 
signals. 

Description  of  Deliverable.  Items 

Brass-board  hardware  will  be  provided  including  two  (2)  PMC  units  and  two  (2)  hand 
held  transmitter/receivers  suitable  for  use  by  a  medic  or  other  operator.  The  PMC's  are  to 
be  worn  on  the  wrist  of  a  subject,  and  will  determine  heart  rate  from  the  subject  and 
transmit  the  heart  rate  to  the  hand-held  receiver.  The  system  will  be  designed  to  operate 
even  when  the  subject  is  at  MOPP-4  level  and/or  in  a  chemical  protective  wrap.  The  range 
of  operation  will  be  at  lexst  3  feet.  The  system  will  be  capable  of  determining  which  of  the 
2  PMC's  is  being  received  when  both  units  are  in  close  proximity.  In  addition,  instructions 
for  use  of  the  system  will  be  provided. 

The  size  of  the  wrist-worn  and  medic  operated  components  to  be  delivered  for  concept 
testing  must  be  reduced,  compared  to  the  triage  prototype  hardware  demonstrated  in  1986, 
but  this  hardware  will  not  be  as  small  as  the  system  could  be  made  for  widespread  deploy¬ 
ment.  (These  units  can  be  made  40  to  SO'To  smaller  than  the  concept  evaluation  units, 
because  custom  chips  and  hybrid  circuits  can  be  incorporated  after  design  is  finalized  for 
large  scale  production.) 
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Revised.  Scope  of  Work  in  1988 

It  is  important  to  note  that  a  substantial  revision  in  scope  of  work  was  requested  and 
negotiated  by  the  Army,  and  agreed  to  on  May  6,  19SS.  This  revised  scope  specified  an 
increased  number  of  deliverable  items  including  eight  more  wrist  units,  one  more  hand  held 
unit  and  one  prototype  multimonitor.  Also,  an  extension  of  time  for  delivery  was  given, 
inasmuch  as  the  Army  tests  were  not  scheduled  until  1290.  Also,  there  was  a  breadboard 
"multimonitor"  originally  specified  in  the  contract  for  a  "demonstration  only"  at  Purdue, 
and  in  the  revised  scope  of  work  this  breadboard  was  specified  as  a  deliverable  item.  How¬ 
ever,  the  muitimonitor  was  specifically  excluded  from  the  Technical  Data  Package.  The 
envisioned  multimonitor  use  is  at  a  battalion  aid  station,  or  other  suitable  area,  and  it  is 
designed  to  monitor  multiple  PMCs  simultaneously,  and  automatically. 
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Methods  of  Approach 

The  technology  used  for  this  life  detector  system  was  very  similar  to  *hat  described 
previously  for  the  remote  triage  PMC  systems,  using  tetrapolar  impedance  sensors  on  the 
wrist.  The  electrodes  are  of  dry  stainless  steel.  The  complex  impedance  signal  from  the 
wearer’s  wrist  is  processed  in  the  PMC  unit  for  heart  rate  determination.  The  state-of-the- 
art  Motorola  MC68HL11  CMOS  chip  is  the  heart  of  the  wrist-worn  part  of  the  system. 
Radio-frequency  communication  links  used  are  adequate  for  the  short-range  requirements. 

Theory 

The  heart  rate  is  measured  by  monitoring  the  peripheral  pulse  from  the  wrist  using  a 
plethysmograph.  Four  electrodes  (referred  to  as  a  tetrapolar  electrode  system)  are  placed 
around  the  wrist.  As  the  circulatory  system  pumps  blood  through  the  arteries  at  the  wrist, 
the  impedance  changes  at  the  electrodes  can  be  sensed  by  electronic  circuitry.  These  changes 
are  interpreted  as  pulses.  This  method  is  easy  to  apply,  i3  non-iavasive  and  is  only  slightly 
affected  by  variations  in  temperature  and  barometric  pressure.  Figure  10  shows  a  typical 
complex  plethysmographic  signal.  Signal  processing  separates  the  cardiac  and  respiratory 
signals  as  shown  in  Figure  11.  Heart  rate  can  then  be  counted.  Figure  12  shows  the  effects 
of  motion  to  produce  large  signals  which  document  motion  of  the  subject. 

The  wristband  of  the  device,  called  a  PMC.  contains  the  four  electrodes.  The  device 
functions  properly  only  when  all  four  electrodes  are  in  full  contact  with  the  skin.  The  wrist, 
impedance  signal  measured  by  the  plethysmograph  is  connected  to  an  A/D  converter  con¬ 
tained  in  the  microprocessor.  The  processor  accesses  a  software  algorithm  to  analyte  the 
digital  signal  and  compute  the  heart  rate.  The  resulting  value  is  stored  in  memory.  This  real 
time  process  continuously  updates  the  heart  rate  value  while  the  PMC  unit  is  activated. 

The  heart  rate  is  displayed  on  the  LCD  of  the  HHM  when  a  transmission  link  exists 
between  the  HHM  and  the  PMC.  The  transmission  link  is  established  when  the  HHM  is 
placed  within  2  inches  of  a  selected  PMC  and  the  ACTIVA  TE  button  of  the  HHM  is 
pressed.  This  action  causes  a  coil  in  the  HHM  to  induce  a  current  in  a  coil  in  the  PMC 
which  in  turn  activates  the  PMC.  The  PMC  then  begins  the  data  collection  and  the  heart 
rate  calculation.  The  heart  rate  is  transmitted  via  a  radio  frequency  transceiver  to  the  Hli’M 
and  displayed  on  the  LCD  The  HHM  continues  to  request  information  '•  on  the  selected 
PMC  and  the  PMC  continues  to  transmit  updated  heart  rate  information  until  the  HHM* 
PMC  link  is  broken.  A  break  occurs  when  the  HHM  activates  a  new  PMC  or  when  the  HHM 
is  turned  off.  All  data  collection  and  heart  rate  calculations  occur  automatically.  No  outside 
intervention  is  necessary. 
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Wrist  Impedance  Monitor 
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ypical  signal  From  a  motionless  subject. 


22 


1  Minute 


Wrist  Impedance 


23 


Results  Obtained 

As  requested,  the  system  was  developed,  demonstrated  at  an  acceptance  meeting  on 
October  31,  1989  at  Purdue  University,  and  delivered  to  Ft.  Detrick,  MD.  in  November, 
1989. 

Personal  Monitor /Communicator 

The  PMC  is  composed  of  a  rectangular  box  connected  by  wire  leads  to  a  wristband. 
The  wristband  contains  the  tetrapolar  dry-electrode  impedance  measuring  plethysmograph 
necessary  for  monitoring  the  soldier.  The  band  wraps  around  the  wrist  of  the  soldier  and 
must  be  in  direct  contact  with  the  skin.  The  box  contains  a  2-way  radio  link  and  a 
microprocessor.  The  unit  is  powered  by  batteries  which  fit  in  a  compartment  on  the  side  of 
the  box.  The  box  needs  to  be  aiJLxed  to  the  forearm  (left  or  right)  of  the  soldier.  There  is 
no  need  for  the  box  to  be  in  direct  contact  with  the  skin.  The  entire  PMC  assembly  can  be 
worn  under  a  chemical  defense  jacket  or  other  clothing.  See  Figure  13. 

Hand  Held  Monitor 

The  HHM  consists  of  a  single  rectangular  box  with  a  removable  antenna  (Figure  14). 
Located  on  the  front  face  of  the  HHM  are  two  switches  ( OS-OFF  switch  and  ACTIVATE 
button)  and  a  display  panei.  The  OX-OFF  switch  controls  the  power  to  the  HHM.  The 
ACTIVATE  button  causes  the  HHM  to  gather  information  from  a  specified  PMC.  The  rec¬ 
tangular  liquid  crystal  display  (LCD)  panel  displays  the  status  of  the  soldier  being  moni¬ 
tored  and  the  status  of  the  PMC.  .An  additional  switch  is  located  on  the  side  cf  the  HHM 
nearest  the  ON- OFF  switch.  This  switch  turns  on  the  background  light  for  night  time  use 
of  the  LCD.  Two  battery  compartments  are  located  on  the  HHM.  The  battery  compart¬ 
ment  located  on  the  top  of  the  unit  near  the  antenna  provides  power  for  background  light¬ 
ing  of  the  liquid  crystal  display.  The  battery  compaitment  on  the  bottom  of  the  HHM  is 
the  main  power  supply.  The  bottom  battery  compartment  cover  can  be  seen  in  Figure  14. 

The  HHM  indicates  it  is  on  by  displaying  the  following  message: 


Hand  Held 
Monitor  (HHM) 


This  message  remains  on  the  screen  for  only  a  few  seconds. 
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The  HHM  then  displays  the  following  instructions: 


Put  HHM  Near  PMC 
Press  ACTIVATE 


The  back  side  of  the  HHM  is  held  within  2  inches  of  the  rectangular  box  of  the  PMC  that  is 
to  be  monitored,  as  shown  in  Figure  15.  With  the  HHM  in  this  location  the  operator  briefly 
presses  and  releases  the  ACTIVATE  button  on  the  front  of  the  HHM.  The  HHM  then 
displays  the  message: 


Attempting 
PMC  Activation 


When  the  activate  procedure  works,  the  HHM  displays  the  message: 


PMC  ACTIVATED 


The  HHM  can  now  be  moved  a  few  feet  away  from  the  PMC. 

The  HHM  will  then  attempt  to  communicate  with  the  designated  PMC  and  will  display  the 
message: 


Attempting  PMC 
Communication 
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When  communication  is  established  between  the  HHM  and  the  PMC,  the  HHM  begins  to 
display  messages  concerning  the  soldier’s  status.  If  the  sensed  heart  rate  is  reasonable,  then 
the  message: 


Heart  Rate 


where  the  character  is  replaced  by  the  soldier’s  heart  rate,  appears.  See  Figure  16. 
Other  messages  that  may  occur  during  this  phase  of  monitoring  include: 


or 


Messages  are  displayed  approximately  every  15  seconds  after  the  PMC  has  been  activated. 

If  motion  is  present,  the  heart  rate  may  not  be  displayed. 

Monitoring  a  new  PMC  may  begin  during  any  point  of  the  HHM  operation.  To  monitor  a 
new  PMC,  the  back  side  of  the  HHM  is  held  approximately  2  inches  above  the  rectangular 
box  of  the  new  PMC  and  the  ACTIVATE  button  is  pressed.  The  HHM  now  ignores  the  pre¬ 
viously  active  PMC  and  monitors  the  newly  selected  PMC.  More  than  one  HHM  may  moni¬ 
tor  a  single  PMC. 
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Conditions  may  require  the  HHM  software  to  make  several  attempts  to  activate  the  selected 
PMC.  The  retransmission  message: 


Attempting 

Retransmission 

will  appear  on  the  screen  until  the  procedure  fails  or  the  PMC  is  activated. 
If  the  activate  procedure  fails,  then  the  following  message  is  displayed: 


ERROR— Repeat 
Activate  Steps 


and  the  activate  procedure  must  be  repeated. 

After  the  PMC  is  activated,  several  attempts  may  be  made  by  the  HHM  to  communicate 
with  the  PMC.  During  these  attempts,  the  following  message  will  appear  on  the  LCD  screen: 


Attempting 

Retransmission 


This  message  indicates  the  HHM  has  not  successfully  prompted  the  activated  PMC. 

If  the  HHM  13  unable  to  establish  communication  with  the  PMC  then  the  HHM  displays  the 
message: 


Lost 

Communication 
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After  this  message,  the  PMC  must  be  re-activated  so  the  HHM  displays  the  message: 


Put  HHM  Near  PMC 
Press  ACTIVATE 


If  the  message: 


Check 
Wrist  Strap 

_ I 


appears,  then  the  PMC  is  not  properly  strapped  to  the  soldier.  The  HHM  will  not  be  able 
to  determine  the  soldier’s  status  when  this  problem  exists. 

If  the  message: 


Low  PMC  Battery 


appears,  then  the  batteries  in  the  PMC  unit  are  weak  and  must  be  replaced. 


Multimonitor 

The  front  view  of  the  prototype  monitor  is  shown  in  Figure  17.  This  device  can  be 
used  to  monitor  the  status  of  several  soldiers  in  the  immediate  area,  and  for  example,  could 
be  used  in  the  battalion  aid  station  to  allow  one  medic  to  monitor  multiple  casualties,  even 
under  conditions  of  chemical  warfare.  It  is  '•ailed  the  Multi-Monitor.  The  device  will 
automatically  and  periodically  check  the  heart  rate  and  motion  status  of  all  soldiers  being 
monitored.  The  Multi-Monitor  is  a  battery-powered  portable  device  with  integral  radio, 
keypad,  display  and  audible  alarm. 

When  the  multimonitor  is  turned  on  by  pressing  the  off-on  rocker  switch  (see  Figure 
17)  the  instructions  for  use  appear  on  the  display  as  shown. 

To  activate  a  PMC,  the  multimonitor  is  held  over  the  wrist  unit  (within  2  inches)  and 
the  ADD  button  is  pushed.  After  about  20  seconds  the  casualty’s  identification  number, 
heart  rate,  and  motion  status  will  be  displayed  on  the  screen. 
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Figure  17.  Mu'.tip’o  Casualty  Monitor  front  view. 
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To  add  a  second  casualty,  the  multimonitor  is  held  over  the  second  PMC,  and  the 
ADD  button  pressed.  Data  from  both  subjects  are  then  displayed.  Likewise,  additional 
subjects  can  be  added,  and  their  status  displayed  on  the  screen,  up  to  a  maximum  of  10. 

To  remove  a  subject  from  the  group  being  monitored,  it  is  necessary  only  to  move  the 
cursor  up  or  down  by  pressing  the  up  or  down  arrow  buttons.  When  the  cursor  is  on  the 
subject  to  be  deleted,  pressing  the  DELETE  button  will  remove  that  casual:/  from  the 
monitor.  To  obtain  operating  instructions  for  the  multimonitor  it  is  only  necessary  to  press 
the  HELP  button. 

The  multimonitor  operates  on  standard  ”D"  ceil  batteries.  It  does  not  have  a  lighted 
display  for  use  in  low  light  conditions.  It  does  have  the  check  wrist  strap,  lost  communica¬ 
tion,  low  pulse,  motion,  and  low-battery  display  categories  of  the  HHM. 

The  circuit  diagram  for  the  multimonitor  is  shown  in  Figure  18.  The  programming 
software,  which  is  not  included  in  the  Technical  Data  package,  follows  the  Technical  Data 
Package. 
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Conclusions:  Assessment  of  Characteristics 
and  Future  Enhancements  for  the  Life  Detector 
(Personal  Monitor  and  Communicator) 


Some  characteristics  of  the  system  delivered  to  Ft.  Detrick  were  different  than 
envisioned  at  the  start  of  the  project,  and  deserve  comment. 

We  were  able  to  make  the  hand  held  monitor  smaller  than  originally  expected,  and 
could  have  made  it  even  smaller,  except  for  the  extensive  R.F.  shielding  required  by  the 
radio  design  of  the  subcontractor  (Magnavcx)  and  because  of  limited  visibility  of  smaller 
LCD  display  screens.  The  wrist-worn  unit  was  lighter  in  weight  than  we  had  anticipated 
because  we  were  able  to  use  very  lightweight  materials  to  make  the  case.  The  site  of  the 
wrist-worn  unit  was,  however,  larger  than  we  had  hoped  for,  due  mainly  to  the  size  and, 
again,  the  shielding  requirements  of  the  radios.  The  radio  chosen  for  the  system  used  a  fre¬ 
quency  asr’gned  to  us  by  the  Army  during  our  previous  development  effort,  and  proved  to 
b®  a  substan»ial  problem  for  both  miniaturization  and  broadcast  range  of  the  system  Cer¬ 
tainly,  the  next  generation  models  should  use  a  higher  frequency  in  order  to  achieve  size 
reduction  (and/or  a  longer  range  if  desired).  Selection  of  a  more  practical  frequency,  com¬ 
bined  with  use  of  custom  chips  in  the  circuitry,  should  provide  a  several-fold  reduction  in 
size  of  Loth  the  wrist-worn  and  hand-held  units.  Size  reduction  by  using  custom  chips  was 
not  possible  for  the  field-test  units  we  delivered  due  to  the  limitation  of  financial  resources 
allocated  to  the  contract  by  the  army.  Custom  chip  design  and  fabrication,  plus  other  size 
reduction  technology,  requires  larger  volume  production  to  be  cost-effective.  We  are  of  the 
opinion  that  the  complete  PMC  can  be  incorporated  into  the  wrist-band  in  the  future  if 
adequate  resources  are  deployed  toward  the  effort.  The  wrist  unit  would,  however,  probably 
be  somewhat  larger  than  the  artists  depiction  shown  in  the  Figure  19,  which  is  from  our 
1986  report. 

The  multimonitor  was  substantially  ruggedized  by  us,  even  through  the  Army  had  not 
requested  this  ruggedization.  We  were  of  the  opinion  that  this  improvement  was  important, 
since  the  multimonitor  might  be  used  for  briefings  or  laboratory  demonstrations  at  a  later 
date,  and  therefore  it  would  be  useful  to  have  the  breadboard  look  more  or  less  like  a  field- 
able  unit 

Once  the  design  was  finalized  for  the  field  test  units,  sensing  and  sigua'  processing 
showed  the  sensitivity  of  the  system  to  detect  motion  or  pulses  to  be  excellent,  as  we  had 
expected,  but  we  were  sometim<*s  unable  to  differentiate  between  arterial  pulses  and  some 
oth"r  signals.  For  example,  rapid  respiration,  which  can  approach  20  to  60/ minute  in 
severely  wounded  casualties  could  not  be  differentiated  from  bradycardias  of  30  to  60 
minute  by  signal  processing,  including  power  spectrum  analysis.  Other  periodic  mechanical 
events  which  are  of  the  same  frequency  as  the  heart  rates  of  interest  were  sometimes  trou¬ 
blesome,  also.  Several  man-months  of  effort  were  devoted  io  an  attempt  to  improve  the 
system's  rejection  of  these  signals.  In  our  opinion,  additional  refinement,  if  possible,  would 
require  a  major  signal-processing  effort.  In  order  to  remain  on  schedule  we  nad  to  proceed 
with  finalizing  the  design. 
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PREFACE 

This  manual  contains  information  needed  for  the  operation  and  maintenance  of  a  proto¬ 
type  system  which  provides  a  means  for  determining  the  heart  rate  of  a  soldier  at  rest. 
This  system  has  the  capability  of  monitoring  the  status  of  a  soldier  at  MOPP-4  without 
touching  the  soldier  or  invading  the  soldier’s  chemical  defense  ensemble.  The  instruc¬ 
tions  explain  the  installation,  operation,  and  troubleshooting  procedures  which  can  be 
performed  without  removing  any  device  covers. 
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DESCRIPTION 


System 

The  system  consists  of  two  components:  the  Personal  Monitor  Communicator  (PMC) 
which  is  worn  on  "he  wrist  (Figure  1)  and  the  Hand  Haid  Monitor  (HHM)  which  is  car¬ 
ried  by  the  medic  (Figure  2).  The  PMCs  are  units  worn  by  soldiers  being  monitored. 
Signals  from  the  stainless  steel  electrodes  in  the  wristband  of  each  PMC  are  used  to 
determine  the  heart  rate  of  the  soldier  and/or  whether  the  soldier  is  moving.  Radio 
communication  links  allow  the  HHM  to  display  the  heart  rate  to  medics  who  are  located 
a*.  *o  5  feet  away.  The  system  is  operational  under  conditions  of  conventional  or  chem¬ 
ical  battlefield  warfare  at  all  levels  up  to  and  including  MCPP-4.  See  Figure  3. 

Personal  Monitor  Communicator 

The  PMC  is  composed  of  a  rectangular  box  connected  by  wire  leads  to  a  wristband. 
The  wristband  contains  the  tetrapolar  dry-electrode  impedance  measuring  plethysmo- 
graph  necessary  for  monitoring  the  soldier.  The  band  wraps  around  the  wrist  of  the 
soldier  and  must  be  in  direct  contact  with  the  skin.  The  box  contains  a  2-way  radio 
link  and  a  microprocessor.  The  unit  is  powered  by  batteries  which  fit  in  a  compartment 
on  the  side  of  the  box.  The  box  needs  to  be  affixed  to  the  forearm  (left  or  right)  of  the 
soldier.  There  is  no  need  for  the  box  to  be  in  direct  contact  with  the  skin.  The  entire 
PMC  assembly  can  be  worn  under  a  chemical  defense  jacket  or  other  clothing.  See  Fig¬ 
ure  1. 

Hand  Held  Monitor 

The  HHM  consists  of  a  single  rectangular  box  with  a  removable  antenna.  Located  on 
the  front  face  of  the  HHM  are  two  switches  (ON-OFF  switch  and  ACTIVATE  button) 
and  a  display  panel.  The  ON-OFF  switch  controls  the  power  to  the  HHM.  The 
ACTIVATE  button  causes  the  HHM  to  gather  information  from  a  specified  PMC.  The 
rectangular  liquid  crystal  display  (LCD)  panel  displays  the  status  cf  the  soldier  being 
monitored  and  the  status  of  the  PMC.  An  additional  sw‘  is  located  on  the  side  of 
the  HHM  nearest  the  ON-OFF  switch.  This  switch  turn*  in  the  background  light  for 
night  time  use  of  the  LCD.  Two  battery  compartments  are  located  on  the  HHM.  The 
battery  compartment  located  on  the  top  of  the  unit  near  the  antenna  provides  power 
for  background  lighting  of  the  liquid  crystal  display.  The  battery  compartment  on  the 
bottom  of  the  HHM  is  the  main  power  supply.  The  bottom  battery  compartment  cover 
can  be  seen  in  Figure  3. 


FIGURE  2.  Hand  held  monitor. 
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INSTALLATION 


Personal  Monitor  Communicator 

The  PMC  requires  two  1/2  A  3-volt  lithium  batteries  for  the  unit  to  be  operable.  The 
lithium  batteries  will  supply  approximately  12  hours  of  power  to  the  PMC  when  the 
PMC  L  in  continuous  use.  When  the  PMC  is  in  standby  mode  (not  communicating 
with  an  HHM),  the  batteries  will  last  for  4  weeks. 

The  battery  compartment  is  located  on  the  side  of  the  rectangular  box.  The  compart¬ 
ment  cover  can  be  removed  by  unscrewing  the  brass  cover  with  any  coin  or  key.  Insert 
one  battery  at  a  time.  The  positive  end  (bump-end)  of  each  battery  must  always  be  the 
first  end  to  enter  the  compartment.  Replace  the  compartment  cover.  See  Figure  4.  Do 
not  over  tighten  the  brass  cover. 

Hand  Held  Monitor 

The  HHM  has  a  detachable  antenna  which  connects  to  the  BNC  connector  on  top  of  the 
HHM.  The  antenna  must  be  mounted  when  the  HHM  is  in  use.  With  the  antenna,  the 
HHM  can  monitor  a  PMC  up  to  5  feet  away. 

The  HHM  requires  two  2/S  A  S-volt  lithium  batteries  for  the  unit  to  be  operable  and  one 
9- volt  alkaline  battery  to  provide  background  lighting  for  the  LCD.  The  lithium  bat¬ 
teries  will  supply  approximately  12  hours  of  power  to  the  HHM  when  the  HHM  is  in 
continuous  use. 

Insert  the  power  supply  batteries  in  the  compartment  on  the  bottom  of  the  HHM  unit. 
Remove  the  compartment  cover  by  unscrewing  the  brass  cover  with  any  coin  or  key. 
Insert  two  3-volt  lithium  batteries  in  this  compartment.  The  positive  end  (bump-end) 
of  each  battery  must  always  be  the  first  end  to  enter  the  compartment.  Replace  the 
compartment  cover.  See  Figure  5.  Do  not  over  tighten  the  brass  cover. 

Background  lighting  for  the  LCD  is  necessary  when  the  hand  held  monitor  is  used  at 
night  or  in  low  light  conditions.  The  9-volt  alkaline  battery  provides  this  lighting.  To 
install  the  battery,  loosen  the  thumb  screws  on  the  compartment  cover  on  the  top  of  the 
unit  near  the  antenna.  Swivel  the  cover  away  from  the  battery  compartment.  Attach 
the  9-volt  battery  to  the  battery  clip.  Insert  the  9-volt  battery  into  the  compartment. 
Replace  the  compartment  cover  and  tighten  the  thumb  screws.  See  Figure  8. 
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OPERATION 


Overview 

The  function  of  the  system  is  to  determine  the  heart  rate  of  a  soldier  and/or  whether 
the  soldier  is  moving.  The  information  is  gathered  from  a  personal  monitor  communi¬ 
cator  (PMC)  worn  by  the  soldier.  The  PMC  must  be  strapped  on  correctly  and  be  worn 
at  least  10  to  20  minutes  before  the  soldier  can  be  accurately  monitored.  The  PMC 
must  remain  on  the  soldier  as  long  as  the  soldier  needs  to  be  monitored.  The  hand  held 
monitor  (HHM)  provides  a  display  of  the  heart  rate  information.  The  HHM  operator  is 
responsible  for  selecting  the  PMC  to  monitor  and  for  understanding  the  information 
displayed  on  the  HHM. 

Personal  Monitor  Communicator 

Proper  monitoring  of  the  soldier  depends  on  the  PMC.  Carefully  follow  the  instructions 
given  below.  Give  special  attention  to  assure  the  wristband  is  strapped  on  correctly,  as 
shown  in  Figure  1. 

1.  Place  the  box  and  wristband  on  a  flat  surface  with  the  box  closest  to  you. 
The  box  should  be  placed  so  both  elastic  straps  are  completely  visible  and  lie 
flat.  The  wristband  should  be  open  with  the  stainless  steel  electrodes  exposed. 

2.  Place  the  palm  side  of  the  wrist  in  the  center  of  the  wristband.  The  wrist¬ 
band  should  be  positioned  in  the  same  area  as  a  wristwatch  would  be  worn. 

Be  sure  the  palm  side  of  the  wrist  is  in  contact  with  the  metal  electrodes. 
Secure  the  wristband  to  the  wrist  with  the  Velcro  closures.  If  fingers  start  to 
"tingle,"  loosen  the  band  slightly.  Figure  7  shows  the  position  of  the  four 
metal  electrodes  on  the  wrist. 

Note:  If  the  wristband  is  applied  too  tightly,  blood  flow  in  the  arm  will  be 
reduced  and  the  heart  rate  signal  will  be  lost. 

3.  Place  the  rectangular  box  on  the  forearm  between  the  wrist  and  the  elbow. 

Use  the  two  elastic  straps  and  the  Velcro  closures  to  secure  the  box  at  this 

location.  Make  sure  the  straps  are  secure  yet  comfortable. 

4.  The  PMC  must  remain  on  the  wrist  for  10  to  20  minutes  befors  accurate 
results  are  possible. 

Hand  Held  Monitor 

The  HHM  displays  heart  rate  information  for  a  soldier  when  the  monitor  is  correctly 
used.  Follow  the  instructions  given  in  this  section  carefully. 

Turn  the  HHM  on  by  pressing  the  ON-OFF  switch  on  the  front  of  the  HHM  to  the  ON 
position.  If  no  daylight  or  artificial  light  is  present,  press  the  button  on  the  side  of  the 
HHM  to  provide  background  lighting  for  the  LCD. 
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The  KHM  indicates  it  is  on  by  displaying  the  following  message: 


Hand  Held 
Monitor  (HHM) 


This  message  remains  on  the  screen  for  only  a  few  seconds. 
The  HHM  then  displays  the  following  instructions: 


Put  HHM  Near  PMC 
Press  ACTIVATE 


Hold  the  back  side  of  the  HHM  within  2  inches  of  the  rectangular  box  of  the  PMC  that 
is  to  be  monitored.  See  Figure  8.  Leave  the  HHM  in  this  location  and  briefly  press  and 
release  the  ACTIVATE  button  on  the  front  of  the  HHM.  The  HHM  displays  the  mes¬ 
sage: 


Attempting 
PMC  Activation 


When  the  activate  procedure  works,  the  HHM  displays  the  message: 


PMC  ACTIVATED 


The  HHM  can  now  be  moved  a  few  feet  away  from  the  PMC. 
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The  HHM  will  attempt  to  communicate  with  the  designated  PMC  and  will  displaj  the 
message: 


Attempting  PMC 
Communication 


When  communication  is  established  between  the  HHM  and  the  PMC,  the  HHM  begins 
to  display  messages  concerning  the  soldier’s  status.  If  the  sensed  heart  rate  is  reason¬ 
able,  then  the  message: 


Heart  Rate  # 


where  the  character  ’=f’  is  replaced  by  the  soldier’s  heart  rate,  appears. 
Other  messages  that  may  occur  during  this  phase  of  monitoring  include: 


or 


Messages  will  be  displayed  approximately  every  15  seconds  after  the  PMC  has  been 
activated.  If  motion  is  present,  the  heart  rate  may  not  be  displayed. 

Monitoring  a  new  PMC  may  begin  during  any  point  of  the  HHM  operation.  To  monitor 
a  new  PMC,  hold  the  back  side  of  the  HHM  approximately  2  inches  above  the  rectangu¬ 
lar  box  of  the  new  PMC  and  press  the  ACTIVATE  button.  The  HHM  now  ignores  the 
previously  active  PMC  and  monitors  the  newly  selected  PMC.  More  than  one  HHM 
may  monitor  a  single  PMC. 
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Conditions  may  require  the  HHM  software  to  make  several  attempts  to  activate  the 
selected  PMC.  The  retransmission  message: 


Attempting 

Retransmission 


will  appear  on  the  screen  until  the  procedure  fails  or  the  PMC  is  activated. 
If  the  activate  procedure  fails,  then  the  following  message  is  displayed: 


ERROR— Repeat 
Activate  Steps 


and  the  activate  procedure  must  be  repeated. 

After  the  PMC  is  activated,  several  attempts  may  be  made  by  the  HHM  to  communi¬ 
cate  with  the  PMC.  During  these  attempts,  the  following  message  will  appear  on  the 
LCD  screen: 


Attempting 

Retransmission 


This  message  indicates  the  HHM  has  not  successfully  prompted  the  activated  PMC. 

If  the  HHM  is  unable  to  establish  communication  with  the  PMC  then  the  HHM  displays 
the  message: 


Lost 

Communication 
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After  this  message,  the  PMC  must  be  re-activated  so  the  HHM  displays  the  message: 


Put  HHM  Near  PMC 
Press  ACTIVATE 


If  the  message: 


Check 
Wrist  Strap 


appears,  then  the  PMC  is  not  properly  strapped  to  the  soldier.  The  HHM  will  not  be 
able  to  determine  the  soldier’s  status  when  this  problem  exists. 

If  the  message: 


Low  PMC  Battery 


appears,  then  the  batteries  in  the  PMC  unit  are  weak  and  must  be  replaced. 
If  the  message: 


Low  HHM  Battery 


appears,  then  the  batteries  in  the  HHM  unit  are  weak  and  must  be  replaced. 
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STORAGE 


Personal  Monitor  Communicator 

Wipe  the  PMC  off  when  it  is  removed  from  the  soldier’s  arm.  To  conserve  battery  life, 
remove  the  batteries  from  the  PMC  when  it  will  not  be  used  during  the  next  24  hour 
period. 

Hand  Held  Monitor 

Turn  the  HHM  off  to  disengage  all  radio  frequencies.  Do  this  by  pressing  the  ON-OFF 
switch  on  the  face  of  the  HHM  to  the  OFF  position.  The  LCD  screen  is  blank  when  the 
HHM  is  turned  off.  Remove  the  batteries  from  the  HHM  when  the  unit  will  not  be  used 
during  the  next  6  month  period.  Remember  to  empty  the  battery  compartment  located 
on  the  top  of  the  unit  near  the  antenna  and  to  empty  the  battery  compartment  on  the 
bottom  side  of  the  HHM. 
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THEORY 


Heart  rate  can  be  measured  by  monitoring  a  peripheral  pulse.  One  method  of  measur¬ 
ing  such  a  pulse  is  by  implementing  a  plethysmograph.  Four  electrodes  (referred  to  as  a 
tetrapolar  electrode  system)  are  placed  around  the  wrist.  As  the  circulatory  system 
pumps  blood  through  the  arteries  at  the  wrist,  the  impedance  changes  at  the  electrodes 
can  be  sensed  by  electronic  circuitry.  These  changes  are  interpreted  as  pulses.  This 
method  is  easy  to  apply,  is  non-invasive  and  is  only  slightly  affected  by  variations  in 
temperature  and  barometric  pressure. 

The  wristband  of  the  PMC  contains  the  four  electrodes.  The  device  functions  properly 
only  when  all  four  electrodes  are  in  full  contact  with  the  skin.  The  wrist  impedance  sig¬ 
nal  measured  by  the  plethysmograph  is  connected  to  the  A/D  converter  contained  in 
the  microprocessor.  The  processor  accesses  a  software  algorithm  to  analyze  the  digital 
signal  and  compute  the  heart  rate.  The  resulting  value  is  stored  in  memory.  The  real 
time  process  continuously  updates  the  heart  rate  value  while  the  PMC  unit  is  activated. 

The  heart  rate  is  displayed  on  the  LCD  of  the  HHM  when  a  transmission  link  exists 
between  the  HHM  and  the  PMC.  The  transmission  link  is  established  when  the  HHM  is 
placed  within  2  inches  of  a  selected  PMC  and  the  ACTIVATE  button  of  the  HHM  is 
pressed.  This  action  causes  a  coil  in  the  HHM  to  induce  a  current  in  a  coil  in  the  PMC 
which  in  turn  activates  the  PMC.  The  PMC  then  begins  the  data  collection  and  the 
heart  rate  calculation.  The  heart  rate  is  transmitted  via  a  radio  frequency  transceiver 
to  the  HHM  and  displayed  on  the  LCD.  The  HHM  continues  to  request  information 
from  the  selected  PMC  and  the  PMC  continues  to  transmit  updated  heart  rate  informa¬ 
tion  until  the  HHM-PMC  link  is  broken.  A  break  occurs  when  the  HHM  activates  a 
new  PMC  or  when  the  HHM  is  turned  off.  Ml  data  collection  and  heart  rate  calcula¬ 
tions  occur  automatically.  No  outside  intervention  is  necessary. 
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TROUBLESHOOTING  GUIDE 


Symptom  Cause 

No  display  on 
the  HHM  screen 

HHM  battery  compartment  may  be  empty 

HHM  batteries  may  be  dead 

HHM  unit  may  not  be  turned  on  (check  ON-OFF  switch) 

No  communication 

between  HHM  and  PMC 

i 

_ 

PMC  battery  compartment  may  be  empty 

PMC  batteries  may  be  low  or  dead 

HHM  batteries  may  be  low 

HHM  antenna  may  not  be  attached 

HHM  may  have  been  too  far  from  PMC  when 

ACTIVA  TE  button  was  pressed 

CALIBRATION  PROCEDURES 

This  section  is  not  applicable  to  this  manual. 
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1.  SCOPE 

1.1  Scope.  This  specification  establishes  the  performance,  design,  development,  and 
test  requirements  for  the  Personal  Monitor  and  Communicator  non-complex  item. 

2.  APPLICABLE  DOCUMENTS 

2.1  Government  Documents.  The  following  documents  of  the  exact  issue  shown  form  a 
part  of  this  specification  to  the  extent  specified  herein.  In  the  event  of  conflict  between 
the  documents  referenced  herein  and  the  contents  of  this  specification,  the  contents  of 
this  specification  shall  be  considered  a  superseding  requirement. 

SPECIFICATIONS 

Military 

MEL-S-83490  Specifications,  Types  and  Forms 

STANDARDS 

Military 

MIL-STD-129F  Marking  For  Shipment  And  Storage 
MLL-STD-433A  Configuration  Management  Practices  For 

Systems,  Equipment,  Munitions,  and  Computer 
Programs 

MIL-STD-490A  Specifications  Practices 

2.2  Non-Government  Documents.  This  section  is  not  applicable  to  this  specification. 

3.  REQUIREMENTS 

3.1  Item  Definition.  The  Personal  Monitor  and  Communicator  provides  a  means  of 
remotely  monitoring  a  soldier's  medical  status.  The  non-complex  item  is  comprised  of 
the  Personal  Monitor  Communicator  (PMC)  and  the  Hand  Held  Monitor  (HHM).  The 
PMC  is  an  electronic  device  worn  around  the  wrist  of  a  soldier.  The  HHM  activates 
PMCs  and  displays  a  soldier’s  heart  rate  on  an  LCD  display. 
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3.2  PMC  Characteristics. 

3.2.1  PMC  Performance.  The  PMC  uses  tetrapolar  electrodes,  which  are  mounted  on  a 
wrist  strap,  to  measure  the  AC  impedance  present  at  the  wrist.  The  heart  rate  and 
body  motion  of  the  soldier  are  extracted  from  the  impedance  signal  through  signal  pro¬ 
cessing  techniques.  This  information  is  transmitted  via  an  RF  digital  transceiver  upon 
request.  The  PMC  requires  two  1/2  A  3-volt  lithium  batteries  for  the  unit  to  be  oper¬ 
able.  The  lithium  batteries  will  supply  approximately  12  hours  of  power  to  the  PMC 
when  the  PMC  is  in  continuous  use.  When  the  PMC  is  in  standby  mode  (not  communi¬ 
cating  with  an  HHM),  the  batteries  will  last  for  4  weeks. 

3.2.2  PMC  Physical  Characteristics. 

3.2.2. 1  PMC  Measurements.  Each  PMC  unit,  complete  with  batteries,  weighs  approxi¬ 
mately  248  grams.  See  Figuie  1  and  Figure  2  for  the  dimensional  measurements  of  the 
unit. 

3. 2. 2. 2  PMC  Protective  Coating.  The  flat  olive-drab  polyurethane  paint  (by  Pactra, 
number  20123)  serves  as  a  protective  coating.  The  unit  has  not  been  waterproofed. 

3. 2. 2. 3  PMC  Storage  Requirements.  The  two  lithium  batteries  should  be  removed  when 
the  PMC  is  stored. 

3.2. 2. 4  PMC  Batteries.  Recommended  batteries  for  the  PMC  are  two  Panasonic  BR 
1/3  A  3-volt  lithium  cells. 

3.3  HHM  Characteristics. 

3.3.1  HHM  Performance.  The  HHM  activates  a  PMC  worn  by  a  soldier.  The  monitor 
then  repeatedly  requests  and  displays  the  soldier's  heart  rate  upon  an  LCD  display. 
The  communication  process  continues  until  the  HHM  activates  a  new  PMC  or  the  HHM 
is  turned  off.  The  HHM  requires  two  2/3  A  3-vo!t  lithium  batteries  for  the  unit  to  be 
operable  and  one  9-volt  alkaline  battery  to  provide  background  lighting  for  the  LCD. 
The  lithium  batteries  will  supply  approximately  12  hours  of  power  to  the  HHM  when 
the  HHM  is  in  continuous  use.  The  alkaline  battery  will  supply  approximately  4  hours 
of  backlighting. 
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3.3.2  HHM  Physical  Characteristics. 

3. 3.2.1  HHM  Measurements.  Each  HHM  unit,  complete  with  batteries  and  antenna, 
weighs  approximately  921  grams.  See  Figure  3  for  the  dimensional  measurements  of  the 
unit. 

3.3.2.2  HHM  Protective  Coating.  The  flat  olive-drab  polyurethane  paint  (by  Pactra, 
number  20123)  serves  as  a  protective  coating.  The  unit  has  not  been  waterproofed. 

3.3. 2.3  HHM  Storage  Requirements.  The  three  batteries  (two  lithium  and  one  alkaline) 
should  be  removed  when  the  HHM  is  stored. 

3. 3. 2. 4  HHM  Batteries.  Recommended  batteries  for  the  HHM  are  two  Panasonic  BR 
2/3  A  3- volt  lithium  cells  and  one  9- volt  alkaline  cell. 


4.  QUALITY  ASSURANCE  PROVISIONS 

4.1  General. 

4.1.1  Responsibility  For  Inspection.  Unless  otherwise  specified  in  the  contract  or  ordr ’, 
the  supplier  is  responsible  for  the  performance  of  all  inspection  requirements  as  specified 
herein.  Except  as  otherwise  specified,  the  supplier  may  utilize  his  own  facilities  or  any 
commercial  laboratory  acceptable  to  the  contracting  agency.  The  contracting  agency 
reserves  the  right  to  perform  any  of  the  inspections  set  forth  in  the  specification  where 
such  inspections  are  deemed  necessary  to  assure  supplies  and  services  conform  to 
prescribed  requirements. 

4.1.2  Special  Tests  And  Examinations.  This  section  is  not  applicable  to  this 
specification. 
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4.2  Quality  Conformance  Inspection.  Before  testing  the  Personal  Monitor  and  Com¬ 
municator,  install  two  lithium  batteries  (1/2  A  3  Volt)  in  a  PMC  unit,  install  two 
lithium  batteries  (2/3  A  3  Volt)  in  the  bottom  compartment  of  a  HHM  unit  and  install 
a  9  volt  alkaline  battery  in  the  top  compartment  of  the  HHM  unit.  Then  attach  an 
antenna  to  the  HHM.  Begin  testing  the  operation  of  the  devices  by  switching  the  HHM 
power  to  the  ON  position.  Press  the  switch  on  the  side  of  the  HHM  to  verify  backlight¬ 
ing  is  being  provided  to  the  LCD  display  of  the  HHM.  Activate  the  PMC  with  the 
HHM  to  confirm  communication  exists  between  the  HHM  and  the  PMC.  At  the  end  of 
the  test  session  turn  the  HHM  off.  Remove  the  two  batteries  from  the  PMC  and  the 
thr  batteries  from  the  HHM  before  storing  the  units. 


5.  PREPARATION  FOR  DELIVERY 

5.1  General.  The  batteries  must  be  removed  from  all  PMC  and  HHM  units  before  the 
units  are  packed  for  shipping.  In  addition,  the  antennas  must  be  removed  from  all  the 
HHM  units.  The  PMC  and  HHM  units  shall  then  be  securely  packed  in  corrugated 
cardboard  boxes.  Avoid  exposing  the  box  to  extreme  heat,  extreme  cold,  or  submersion. 

5.2  Specific  Requirements.  Each  PMC  and  HHM  unit  shall  be  placed  in  an  individual 
anti-static  foil  wrap.  Then  the  unit3  and  the  HHM  antennas  shall  be  placed  in  a  sturdy 
corrugated  cardboard  box.  Plastic  bubble  wrap  will  protect  the  units  and  antennas. 
The  batteries  shall  be  placed  in  boxes  provided  by  the  battery  suppliers.  These  boxes 
shall  then  be  packed  in  the  cardboard  box. 

5.3  Detailed  Preparation. 

5.3.1  Preservation  And  Packaging.  All  batteries  must  be  removed  from  the  PMC  and 
HHM  units  before  the  units  can  be  packed  for  shipping.  Remove  the  two  lithium  bat¬ 
teries  from  the  PMC,  and  remove  the  two  lithium  batteries  and  the  alkaline  battery 
from  the  HHM.  Place  all  lithium  batteries  in  the  lithium  box  provided  by  the  manufac¬ 
turer.  Place  the  alkaline  batteries  in  the  box  provided  by  the  manufacturer.  All  anten¬ 
nas  must  be  removed  from  the  HHM  units  before  the  HHM3  can  be  packed.  Inspect  the 
units  to  assure  they  are  clean  and  dry.  The  units  shall  than  be  placed  in  anti-static  foil 
wrap.  The  batteries  shall  be  stored  in  their  own  boxes.  Plastic  bubble  wrap  shall  be 
placed  around  all  PMC  and  HHM  units  and  ail  HHM  antennas  to  prevent  any  shifting 
during  shipping. 
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5.3.2  Packing.  Sturdy  corrugated  cardboard  boxes  shall  be  used  and  no  additional 
bracing  will  be  necessary.  If  there  is  any  possibility  the  box  will  become  submerged  in 
water,  then  waterproofing  of  the  box  shall  become  necessary. 

5.3.3  Marking  For  Shipment.  The  boxes  containing  the  PMC  and  FHM  units  shall 
have  the  markings  "FRAGILE"  and  'ELECTRONIC  EQUIPMENT." 


6.  NOTES 

6.1  Inteded  Use.  This  specification  is  to  be  used  to  establish  the  performance,  design, 
development,  and  test  requirements  for  the  Personal  Monitor  and  Communicator  non¬ 
complex  item. 
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FIGURE  1 .  PMC  dimensional  measurements. 
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FIGURE  2.  PMC  wriststrup  dimensional  measurements. 
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1.  SCOPE 

1.1  Identification.  This  Software  Requirements  Specification  establishes  the  require¬ 
ments  for  the  CSCI  identified  as  Personal  Monitor  Communicator  Software,  PMC- 
CSCI.l,  of  the  Personal  Monitor  and  Communicator  (PMC),  PMC-SYS.l,  System. 

1.2  Purpose.  The  Personal  Monitor  and  Communicator  System  provides  a  means  of 
remotely  monitoring  the  heart  rate  and  body  motion  of  a  soldier.  The  PMC-CSCI.l 
drives  the  personal  monitor  communicator  which  consists  of  an  electronic  device  worn 
around  the  wrist  of  the  soldier.  The  unit  consists  of  tetrapolar  electrodes,  a  2-way  radio 
link  and  a  microprocessor-based  signal  processor.  The  software  collects  and  processes 
analog  signals  received  from  the  electrodes  and  transmits  the  processed  data  when 
prompted. 

1.3  Introduction.  This  document  provides  detailed  and  complete  specifications  of  the 
software  developed  to  drive  the  personal  monitor  communicator  unit  of  the  Personal 
Monitor  and  Communicator  System. 


2.  APPLICABLE  DOCUMENTS 


2.1  Government  Documents.  The  following  documents  of  the  exact  issue  shown  form  a 
part  of  this  specification  to  the  extent  specified  herein.  In  the  event  of  conflict  between 
the  documents  referenced  herein  and  the  contents  of  this  specification,  the  contents  of 
this  specification  shall  be  considered  a  superseding  requirement. 


SPECIFICATIONS 

Military 

MIL-S-83490  Speculations,  Types  and  Forms 


STANDARDS 

Military 

DOD-STD-2167  Defense  System  Software  Development 
MIL-STD-483A  Configuration  Management  Practices  For 

Systems,  Equipment,  Munitions,  and  Computer 
Programs 

MIL-STD-490A  Specifications  Practices 

2.2  Son-Government  Documents.  The  following  documents  of  the  exact  issue  shown 
form  a  part  of  this  specification  to  the  extent  specified  herein.  In  the  event  of  conflict 
between  the  documents  referenced  herein  and  the  contents  of  this  specification,  the 
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contents  of  this  specification  shall  be  considered  a  superseding  requirement. 

OTHER  PUBLICATIONS 

Oppenheim,  A.V.,  Schafer,  R.W. 

Digital  Signal  Processing 

Prentice-Hall, Inc.,  Englewood  Cliffs,  NJ,  1975 

Kernighan,  B.W.,  Ritchie,  D.M. 

The  C  Programming  Language 
Prentice-Hall, Inc.,  Englewood  Cliffs,  NJ,  1978 

Introl  C  MS-DOS  Host  Guide  Version  1.0 
Introl  Corporation,  Milwaukee,  WI,  1987 

Motorola  Semiconductor  Technical  Data 
Advance  Information  for  the  MC68HC11A8 
HCMOS  Single-Chip  Microcomputer 
Order  number  MC68HC11A8/D 

Programmer’s  Reference  Manual 

M68HC11  HCMOS  Single-Chip  Microcomputer 

Order  number  M68HC11PM/AD 


3.  REQUIREMENTS 

3.1  Programming  Requirements. 

3.1.1  Programming  Languages.  Two  programming  languages  are  implemented  for  this 
CSCI.  The  languages  are  C  and  Motorola  68HCI1  assembler. 

3.1.2  Compiler / Assembler.  The  C  compiler  is  written  by  Introl  Corporation  and  is  ver¬ 
sion  C-ll  of  tbe  Introl-C  Cross-Compiier  Systems  series. 

3.1.3  Programming  Standards.  Structured  programming  techniques  are  followed. 

3.2  Design  Requirements. 

3.2.1  Sizing  and  Timing  Requirements.  The  CSCI  uses  all  of  the  available  8K  bytes  of 
memory  provided  by  the  RAM.  In  addition,  the  CSCI  currently  uses  8585  bytes  of  the 
16K  bytes  supplied  by  the  PROM.  Approximately  four  kilobytes  of  memory  remain  in 
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the  PROM  for  expansions  and  improvements.  The  CSCI  processes  incoming  A/D  data 
at  a  rate  of  25  samples/second.  Ten  seconds  are  required  for  data  acquisition  and  5 
seconds  are  necessary  for  soldier  evaluation.  The  CSCI  also  processes  incoming  serial 
communication  data  at  a  data  rate  of  300  baud. 

3.2.2  Design  Standards.  Development  of  this  CSCI  follows  the  design  standards  of  the 
Hillenbrand  Biomedical  Engineering  Center. 

3.2.3  Design  Constraints.  Several  constraints  are  encountered  by  using  the  68HC11 
microcomputer.  The  FFT  required  for  signal  processing  must  implement  integer  math 
and  the  memory  is  limited. 

3.3  Interface  Requirements. 

3.3.1  Interface  Relationships.  See  interface  block  diagram  (Figure  l). 

3.3.2  Interface  Identification  and  Documentation.  See  interface  identification  table 
(Table  1). 

3.3.3  Detailed  Interface  Requirements. 

3.3.3. 1  CSCI-to-CSCI  Interface  Requirements.  This  section  is  not  applicable  to  this 
specification. 

3. 3. 3. 2  CSCI-to-HWCI  or  Critical  Item  Requirements. 

3.3. 3. 2.1  Wrist  Impedance  Circuit  Interfaces. 

a.  Signal  Direction.  See  interface  table  (Table  2). 

b.  Signal  Format.  The  wrist  impedance  signal  interface  (WZCA  IF)  transmits  an 
A/D  signal.  The  off-wrist  signal  interface  (WZCB  IF)  transmits  an  8  bit 
number  ranging  from  0  to  255.  A  signal  with  a  value  of  0  indicates  0  volts  dc 
and  a  signal  with  a  value  of  255  indicates  4.5  to  6  volts  dc.  The  power  signal 
interface  (WZCC  EF)  sends  a  digital  output  bit  (1  =  on)  to  power  the  wrist 
impedance  circuit.  This  output  bit  is  bit  4  of  Port  A  of  the  68HC11. 

c.  Memory  Buffer  And  Location.  The  WZCA  interface  requires  two  memory 
buffers.  The  first  buffer  consists  of  500  bytes  located  at  variable  name  "pbuf." 
The  second  buffer  has  2  bytes  located  at  variable  name  "npbuf." 

d.  Transfer  Protocol.  A  value  of  0x10  (Ox  indicates  the  number  to  follow  is  hexa¬ 
decimal)  is  sent  to  the  A/D  control  register,  H11ADCTL.  When  bit  7  of  the 
register  goes  high  (1)  register  HllADRl  will  contain  wrist  impedance 
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information  and  register  H11ADR2  will  contain  off-wrist  information. 

e.  Initiation  Condition.  See  interface  table  (Table  2). 

f.  Priority  Level.  This  section  is  not  applicable  to  this  interface. 

g.  Expected  Response.  See  interface  table  (Table  2). 

3. 3. 3.2. 2  PRC  Interface. 

a.  Signal  Direction.  See  interface  table  (Table  2). 

b.  Signal  Format.  When  the  proximity  receiver  is  activated  by  the  HHM,  an 
active  low  digital  signal  is  transmitted  to  the  interrupt  line  (IRQ  bar)  of  the 
68HC11. 

c.  Memory  Buffer  And  Location.  The  interface  requires  enough  memory  to 
accommodate  the  stack  space  necessary  to  handle  the  interrupt  signal  sent 
from  the  proximity  receiver  to  the  CSCI.l. 

d.  Transfer  Protocol.  An  asynchronous  interrupt  is  used  by  the  proximity 
receiver  to  communicate  to  the  CSCI.l. 

e.  Initiation  Condition.  See  interface  table  (Table  2). 

f.  Priority  Level.  This  section  is  not  applicable  to  this  interface. 

g.  Expected  Response.  See  interface  table  (Table  2). 

3. 3. 3. 2. 3  Voltage  Reference  Interface. 

a.  Signal  Direction.  See  interface  table  (Table  2). 

b.  Signal  Format.  The  signal  will  have  a  numerical  value  in  the  range  of  0  to 
255.  Signals  with  values  greater  than  or  equal  to  68  indicate  the  HHM  bat¬ 
teries  are  low  (<  4.5  volts). 

c.  Memory  Buffer  And  Location.  This  section  is  not  applicable  to  this  interface. 

d.  Transfer  Protocol.  A  value  of  0x10  is  written  to  the  A/D  control  register, 
HllADCTL.  When  bit  7  of  the  register  goes  high  (i)  register  H11ADR3  is 
read  to  determine  the  voltage  level  of  the  HHM  batteries. 

e.  Initiation  Condition.  See  interface  table  (Table  2). 

f.  Priority  Level.  This  section  is  not  applicable  to  this  interface. 

g.  Expected  Response.  See  interface  table  (Table  2). 

3. 3. 3. 2. 4  Digital  RF  Transceiver  Interfaces. 

a.  Signal  Direction.  See  interface  table  (Table  2). 

b.  Signal  Format.  The  transmit  data  interface  (IF  DRTA)  is  capable  of  sending 
two  messages.  The  formats  of  the  transmission  of  the  PMC  positive  ack¬ 
nowledge  (PPA)  and  PMC  soldier  status  (PSS)  are  shown  in  tables  4  and  5. 
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The  receive  data  interface  (IF  DRTB)  can  receive  one  message.  The  format 
for  the  request  for  soldier  status  (CSS)  message  is  given  in  table  3. 

c.  Memory  Buffer  And  Location.  The  memory  buffer  necessary  for  the  digital  RF 
transceiver  consists  of  two  200-byte  output  buffers,  "tpakbuf"  and  "pkmess," 
and  one  10  x  30  byte  input  buffer,  "pkbuf." 

d.  Transfer  Protocol.  Serial  communication  is  used  in  both  the  transmit  and 
receive  data  protocols.  To  transmit  a  message,  the  serial  communication 
status  register,  HllSCSR,  is  polled  until  the  transmitter-ready  bit  goes  high 
(1).  The  character  to  be  transmitted  is  then  written  to  the  serial  communica¬ 
tion  data  register,  HllSCDR.  To  receive  a  message,  the  serial  communication 
receiver  interrupts  the  processor  whan  a  character  is  received.  The  interrupt 
routine  implements  a  finite  state  machine  to  recognize  valid  packets. 

e.  Initiation  Condition.  Table  2  indicates  general  conditions  for  the  initiation  of 
all  three  signals  pertaining  to  the  digital  RF  transceiver  interface.  The  DRTA 
interface  can  send  two  messages,  the  PPA  message  and  the  PSS  message, 
which  the  digital  RF  transceiver  will  broadcast  to  the  HHM.  The  PPA  mes¬ 
sage  verifies  the  PMC  has  been  activated  and  the  PSS  message  transmits  the 
status  information.  The  DRTB  interface  receives  one  message,  the  CSS  mes¬ 
sage.  This  message  requests  the  PMC  to  transmit  status  information. 

f.  Priority  Level.  The  receive  data  has  the  highest  priority. 

g.  Expeeied  Response.  Table  2  shows  the  expected  responses  for  all  three  signals. 
The  receive  data  interface  (DRTB  IF)  is  the  only  interace  with  timing  restric¬ 
tions.  A  character  received  at  the  DRTB  interface  causes  an  interrupt  to  be 
sent  to  CSCI.l  when  the  character  is  being  processed.  The  maximum  response 
time  per  character  is  approximately  1/30  second  which  is  the  time  necessary 
for  character  transmission  at  300  baud.  If  incoming  characters  are  not 
responded  to  in  time,  then  the  receive  character  buffer  will  be  overrun  causing 
the  character  to  be  lost.  The  message  will  need  to  be  retransmitted.  This  is 
not  fatal  unless  characters  are  lost  in  every  packet. 

3. 3. 3.2. 5  Real  Time  Clock  Interface. 

a.  Signal  Direction.  See  interface  table  (Table  2). 

b.  Signal  Format.  The  signal  is  an  interrupt  that  is  emitted  every  20  mil¬ 
liseconds. 

c.  Memory  Buffer  And  Location.  This  section  is  not  applicable  to  this  interface. 

d.  Transfer  Protocol.  This  section  is  not  applicable  to  this  interface. 

e.  Initiation  Condition.  See  interface  table  (Table  2). 

f.  Priority  Level.  This  section  is  not  applicable  to  this  interface. 
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g.  Expected  Response.  Table  2  shows  the  signal  causes  an  internal  interrupt  at 
50  Hertz.  The  interrupts  generated  are  necessary  for  the  A/D  conversions,  the 
battery  voltage  checks,  and  for  functions  with  elapsed  time  counters  and 
countdown  timers. 


3.4  Detailed  Functional  and  Performance  Requirements. 
3.4.1  Power  Up  Initialization  Function. 


3. 4. 1.1  Inputs.  The  function  has  1  input  which  is  the  power  up  reset.  The  reset  serves 
as  a  hardware  and  software  initialization.  See  the  table  for  the  power  up  function  input 
(Table  6)  for  additional  information. 


3.4. 1.2  Processing. 

a.  Intent.  This  function  initializes  the  68HC11  microcomputer  hardware,  the 
interrupt  vectors,  and  the  program  variables. 

b.  Parameters  Affected.  No  parameters  are  affected  by  this  function. 

c.  Sequence  and  Timing.  The  eight  independent  initializations  in  this  function 
are  described  as  follows.  All  program  variables  are  assigned  values  of  zero. 
The  down  counter  is  assigned  the  value  stored  in  the  constant  "EVALTIME.” 
The  routine  "key"  turns  off  the  key  line  to  the  transmitter  as  soon  as  possible 
since  the  mitial  hardware  power-up  causes  the  transmitter  to  be  keyed.  The 
routine  "pkclear"  initializes  the  packet-receiving  finite  state  machine.  Routine 
”int_setup"  initializes  the  interrupt  vectors  for  the  interrupt  routines  OClINT, 
INTINT,  COPINT,  and  SCIINT.  The  routine  also  initializes  the  output  com¬ 
pare  to  1,  and  enables  the  timer  interrupt.  Routine  "tty_setup"  sets  the  serial 
interface  for  one  start  bit  and  eight  data  bits  (HllSCCRl  =  0),  enables  the 
transmitter,  receiver,  and  receiver  interrupt  (H11FCCR2  =  2C),  and  secs  the 
baud  register  for  300  baud  (HllBAUD  =  0x35).  The  routine  "adoa"  turns  on 
the  A/D  converter.  The  routine  "stop_enable"  enables  the  HC6811  STOP  (low 
power  standby  mode)  instruction. 

d.  Error  Detection  and  Recovery.  This  function  contains  no  error  detection  and 
recovery  software. 

e.  Restrictions  or  Limitations.  No  restrictions  or  limitations  pertain  to  this  func¬ 
tion. 

f.  Allocation  of  CSCI  Performance  Requirements.  See  function  block  diagram 
(Figure  2). 


3. 4. 1.3  Outputs.  This  function  has  23  initialized  outputs.  The  buffer  and  stack  indexes 
pin,"  "pout,"  "Si,"  "S2,"  and  "S3"  are  cleared.  The  flag  "adfiag"  is  set  to  1  to  show  the 
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A/D  converter  is  enabled  and  the  flag  "adnow"  is  set  to  0  to  indicate  an  A/D  conversion 
is  not  in  progress.  The  flag  "daemonflag"  is  cleared  to  show  no  packets  are  being  pro¬ 
cessed.  The  flags  "evflag,"  "proxflag,"  and  "req  s"  are  all  set  to  0  to  indicate  there  have 
been  no  previous  evaluation  requests,  PRCV  interrupts,  or  soldier  status  requests, 
respectively.  The  two  timers,  "dcount"  and  pcount,"  are  cleared  and  the  down  counter, 
"dsec,"  is  assigned  the  value  of  the  constant  "EVALTIME."  An  initialization  subroutine 
(called  by  the  function)  clears  all  storage  necessary  for  packet  construction.  The 
remaining  10  outputs  are  hardware  oriented.  The  key  line,  HllPORTA  (bit  4),  is  set 
inactive.  Both  the  A/D  converter,  HllOPTION,  and  the  wrist  impedance  transmit, 
HllPORTA  (bit  5),  are  powered  up.  Register  HllPORTD  is  cleared.  The  register 
HllBAUD  is  set  for  a  rate  of  300  baud.  The  port  D  direction  register,  HllDDRD,  is 
initialized  to  2.  Both  the  serial  interface  register,  HllSCCRl,  and  the  output  compare 
register,  HllTOCl,  are  cleared.  And  the  serial  interface  interrupt,  H11SCCR2,  and  the 
output  compare  interrupt,  HllTMSKl,  are  enabled.  See  the  table  for  the  power  up 
function  output  (Table  7)  for  additional  information. 

3.4.2  Main  Monitor  Function. 

3.4. 2.1  Inputs.  The  function  has  5  inputs  which  ail  deal  with  evaluation  requests.  The 
flag  "evflag"  signals  requests  for  soldier  evaluation.  The  variable  "reqpss"  records  HHM 
requests  for  soldier  status  that  have  been  postponed  due  to  an  A/D  conversion.  The 
variables  "hrate"  and  "mocount"  store  soldier  evaluation  results.  The  down-count  timer 
"dsec"  is  used  to  sense  inactivity  in  the  communication  channel.  See  the  table  for  the 
main  monitor  function  input  (Table  8)  for  additional  information. 

3. 4. 2.2  Processing. 

a.  Intent.  This  function  has  three  purposes.  First,  the  function  monitors  the 
incoming  packets  for  evaluation  requests.  The  function  answers  the  requests 
hy  triggering  the  evaluation  function  and  then  responding  via  the  transceiver 
to  the  querying  HHM.  Secondly,  when  the  function  detects  periods  of  inac¬ 
tivity  exceeding  a  specified  time,  the  function  switches  the  hardware  to  low 
power  standby  mode  (STOP  on  68HC11).  The  function  also  detects  proximity 
receiver  interrupts  and  returns  the  hardware  to  active  mode. 

b.  Parameters  Affected.  No  parameters  are  affected  by  this  function. 

c.  Sequence  and  Timing.  The  function  is  a  continuous  loop  which  checks  for 
evaluation  requests.  When  a  request  is  made,  the  analog  data  from  the  wrist 
impedance  are  converted  and  processed.  If  the  down  counter  (dsec)  reaches  a 
value  of  zero,  the  A/D  converter  and  the  radio  are  turned  off  causing  the  PMC 
to  "sleep."  A  proximity  interrupt  turns  the  A/D  converter  on  and  resets  the 
down  counter  so  evaluation  can  begin  again.  See  the  flowchart  for  the  main 
monitor  function  (Figure  3)  for  additional  detail. 
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d.  Error  Detection  and  Recovery.  This  function  contains  no  error  detection  and 
recovery  software. 

e.  Restrictions  or  Limitations.  No  restrictions  or  limitations  pertain  to  th'13  func¬ 
tion. 

f.  Allocation  of  CSCI  Performance  Requirements.  See  function  block  diagram 
(Figure  2). 

3.4. 2.3  Outputs.  This  function  has  4  outputs.  The  variables  "hrate”  and  "mocount" 
contain  the  heart  rate  and  the  relative  motion  value,  respectively.  The  variable 
"evnum"  contains  the  number  of  evaluations  performed  since  the  system  was  powered- 
up.  The  counter  "dsec"  is  the  down  counter  necessary  to  detect  inactivity  in  the  com¬ 
munication  channel.  See  the  table  for  the  main  monitor  function  output  (Table  9)  for 
additional  information. 

3.4.3  Proximity  Interrupt  Function. 

3.4.3. 1  Inputs.  The  function  has  2  inputs  which  relate  to  the  proximity  receiver.  The 
PRCV  interrupt  activates  the  PMC.  The  flag  "proxflag"  indicates  whether  the  interrupt 
has  occurred.  See  the  table  for  the  proximity  interrupt  function  input  (Table  10)  for 
additional  information. 

3. 4. 3. 2  Proc  ssing. 

a.  Intent.  This  function  responds  to  HHM  requests  for  activation  through  the 
proximity  receiver  hardware  and  the  maskable  interrupt  (IRQ  bar).  The  func¬ 
tion  is  capable  of  interrupting  the  68HC11  STOP  (low  power  standby  mode) 
state  when  the  low  power  mode  is  being  maintained. 

b.  Parameters  Affected.  No  parameters  are  affected  by  this  function. 

c.  Sequence  and  Timing.  The  following  sequence  of  steps  is  performed  by  the 
interrupt.  Initially  the  flags  "proxflag"  and  "stompflag"  are  set.  Then  the 
interrupts  are  enabled.  The  radio  is  turned  on  and  an  acknowledge  packet 
(PPA)  is  transmitted.  The  flags  "evflag"  and  "didlrans"  are  set  to  1  before  the 
interrupts  are  disabled.  Then  the  flag  "proxflag"  is  set  to  0  and  the  interrupts 
are  enabled  again. 

d.  Error  Detection  and  Recovery.  This  function  contains  no  error  detection  and 
recovery  software. 

e.  Restrictions  or  Limitations.  No  restrictions  or  limitations  pertain  to  this  func¬ 
tion. 

f.  Allocation  of  CSCI  Performance  Requirements.  See  function  block  diagram 
(Figure  2). 
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3.4.3.3  Outputs .  The  function  has  5  outputs.  The  flag  "evfiag"  signals  requests  for  sol¬ 
dier  evaluation.  The  flag  "didtrans"  indicates  the  RF  transmission  has  been  activated 
during  the  A/D  conversion.  And  the  flag  "stompflag"  serves  as  the  timer  flag.  The 
H11SCCR2  register  is  set  to  enable  the  serial  interface  interrupt  and  the  H11PORTA 
register  (bit  4)  is  set  to  inactivate  the  radio  power  key  line.  See  the  table  for  the  proxim¬ 
ity  interrupt  function  output  (Table  11)  for  additional  information. 

3.4.4  Clock  Interrupt  Function. 

3.4.4. 1  Time  Keeping  Function. 

3.4.4.1.1  Inputs.  The  function  has  one  interrupt  and  three  counters  as  inputs.  The 
clock  interrupt  provides  for  accurate  time  keeping.  The  counter  "dsec"  is  the  down 
counter  used  to  detect  inactivity  in  the  communication  channel.  The  counters  "dcount'' 
and  "pcount"  are  general  purpose  timers  used  for  delays.  See  the  table  for  the  time 
keeping  function  input  (Table  12)  for  additional  information. 

3.4. 4. 1.2  Processing. 

a.  Intent.  The  function  provides  a  regular  interrupt  at  a  frequency  of  50  Hz  for 
various  time  keeping  functions. 

b.  Parameters  Affected.  The  output  compare  register  of  the  68HC11  is  continu¬ 
ously  updated  to  permit  an  interrupt  to  occur  every  20  milliseconds. 

c.  Sequence  and  Timing.  Initially,  the  first  timer  interrupt  flag  register  is  cleared 
by  writing  0x80  to  the  HllTFLGl  register.  Then  the  HllTOCl  register  is 
incremented  by  0x9c40  to  create  an  interrupt  at  the  end  of  20  milliseconds. 
The  computer  operating  properly  timeout  interrupts  are  prevented  by  assign¬ 
ing  the  values  0x55  and  Oxaa  to  the  HllCOPRST  register.  The  counter  vari¬ 
able  "clk50”  is  incremented.  If  the  variable  reaches  a  value  of  50  then  the 
counter  is  reset.  The  down  counters  "dcount"  and  "pcount"  are  decremented  if 
they  have  values  greater  than  zero.  The  down  counter  variable  "dsec"  is 
decremented  at  one  second  intervals  as  long  as  the  variable  is  greater  than 
zero. 

d.  Error  Detection  and  Recovery.  This  function  contains  no  error  detection  and 
recovery  software. 

e.  Restrictions  or  l imitations.  No  restrictions  or  limitations  pertain  to  this  func¬ 
tion. 

f.  Allocation  of  CSCI  Performance  Requirements.  See  function  block  diagram 
(Figure  2). 


3.4.4. i. 3  Outputs.  The  function  has  6  outputs.  The  down-count  timer  "dsec"  is  used  to 
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sense  inactivity  in  the  communication  channel.  The  variables  "dcount"  and  "pcount"  are 
general  timers  used  for  delays.  The  register  HllTFLGl  is  set  so  the  interrupt  flag  is 
cleared.  The  register  Hi] TOC  1  is  loaded  to  provide  output  comparison  interrupts  at  a 
rate  of  50  Hz  and  HllCOPRST  is  set  to  postpone  COP  timer  interrupts.  See  the  table 
for  the  time  keeping  function  output  (Table  13)  for  additional  information. 

3. 4. 4. 2  A/D  Conversion  Function. 

3. 4. 4. 2.1  Inputs.  The  function  requires  5  inputs  to  perform  the  A/D  conversion.  The 
flag  which  enables  the  A/D  conversions  is  "adflag."  The  A/D  conversion  status  byte  is 
stored  in  the  register  H11ADCTL.  And  the  registers  HllADRl,  H11ADR2,  and 
H11ADR3  contain  the  wrist  impedance  signal,  the  off- wrist  signal  and  the  battery  vol¬ 
tage,  respectively.  See  the  table  for  the  A/D  conversion  function  input  (Table  14)  for 
additional  information. 

3. 4. 4. 2.2  Processing. 

a.  Intent.  This  function  performs  the  A/D  conversion  of  the  data  frum  the  wrist 
impedance  circuit. 

b.  Parameters  Affected.  No  parameters  are  affected  by  this  function. 

c.  Sequence  and  Timing.  The  necessary  A/D  conversion  rate  is  25  Hz.  Since  the 
internal  interrupt  occurs  at  a  rate  of  50  Hz,  the  conversion  is  triggered  by  odd 
interrupts  (variable  "clkSQ"  is  odd).  Conversion  is  only  possible  when  "adflag" 
indicates  data  are  present.  The  conversion  begins  by  setting  the  HllADCTL 
register  of  the  68HC11  to  0x10  which  sets  bit  4  of  this  register  set  to  1.  A 
conversion  is  complete  when  bit  7  of  the  register  goes  bigh.  Following  the 
conversion,  the  A/D  values  are  stored  in  the  variables  "adval,"  ”ad_offw"  and 
"ad_batt '  and  the  flag  "adnext"  i3  set  high  to  signal  conversion  completion. 

d.  Error  Detection  and  Recovery.  This  function  contains  no  error  detection  and 
recovery  software. 

e.  Restrictions  or  Limitations.  No  restrictions  or  limitations  pertain  to  this  func¬ 
tion. 

f.  Allocation  of  CSCI  Performance  Requirements.  See  function  block  diagram 
(Figure  2). 

3. 4. 4. 2. 3  Outputs.  The  function  has  5  outputs.  The  variable  "adval"  contains  the  wrist 
impedance  signal  from  the  A/D  conversion  function.  The  flag  "adnext"  signals  com¬ 
pleted  A/D  conversions.  The  variables  "ad_offw”  and  "ad_batt"  contain  the  cff-wrist 
signal  and  the  battery  voltage,  respectively.  The  register  HllADCTL  activates  the  A/D 
converter.  See  the  table  for  the  A/D  conversion  function  output  (Table  15)  for  addi¬ 
tional  information. 
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3.4.5  Serial  Receive  Interrupt  Function. 

3.4.5.1  Packet  Construction  Function. 

3. 4. 5.1.1  Inputs.  The  function  has  9  inputs.  Thr-  serial  receiver  interrupt  indicates  the 
signal  reception  of  a  character  by  the  digital  RF  transceiver  (DRT).  The  variables  "pin" 
and  "pout"  are  input  and  output  index  pointers  used  in  storing  packet  information. 
The  variable  "pcount"  is  a  general  timer  used  for  delays.  The  flag  "daemonflag"  is  used 
to  insure  only  one  invocation  of  the  input  packet  processing  will  run  at  a  time.  The  flag 
"stompflag"  detects  the  transmission  of  a  PPA  packet  while  a  PSS  packet  is  being  sent. 
The  initializing  subroutine  "pkclear"  clears  the  buffer  area  necessary  for  packet  con¬ 
struction.  The  register  HllSCSR  stores  the  status  byte  from  the  serial  receiver.  And 
the  register  HllSCDR  contains  the  received  character.  S«  the  table  for  the  packet  con¬ 
struction  function  input  (Table  16)  for  additional  information. 

3.4.5. 1.2  Processing. 

a.  Intent.  This  function  accepts  input  characters  from  the  serial  interface  and 
attempts  to  construct  a  legal  packet  from  the  characters. 

b.  Parameters  i  ffectcd  No  parameters  are  affected  by  this  function. 

c.  Sequence  end  Timing.  Packet  construction  is  accomplished  by  a  finite  state 
machine.  Figure  4  shows  the  necessary  flow  with  the  variable  "rotate"  bolding 
the  current  state  of  the  machine. 

J.  Error  Detection  and  Recovery.  An  error  routine  checks  the  validity  of  the 
transmitted  packet.  The  routine  sums  the  characters  in  the  packet  to  get  an  8 
bit  checksum.  Then  the  last  two  characters  in  the  packet,  which  are  a  hex 
ASCII  representation  of  the  checksum,  are  decoded.  The  two  checksums  are 
compared  and  if  they  are  not  equal  then  an  error  occurred  during  packet 
transmission.  An  error  results  in  the  packet  being  discarded  and  a  new  packet 
being  constructed. 

e.  Restrictions  or  Limitations.  No  restrictions  or  limitations  pertain  to  this  func¬ 
tion. 

f.  Allocation  of  CSCI  Performance  Requirements.  See  function  block  diagram 
(Figure  2). 

3.4.5. 1.3  Outputs.  This  function  has  3  outputs.  The  array  ',pkbuf'*  contains  packet 
information.  The  variables  "pin"  aad  "pout"  are  the  array  indexes  which  point  to  the 
current  input  and  output  packet  locations  in  "pkbuf."  See  the  table  for  the  packet 
construction  function  output  (Table  17)  for  additional  information. 

3. 4. 5. 2  Input  Packet  Processing  Function. 
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3. 4. 5. 2.1  Inputs.  This  function  requires  5  inputs  to  process  incoming  packets.  The 
array  "pkbuf"  is  a  buffer  for  packet  storage.  The  variables  "pin"  and  "pout"  are  the 
array  indexes  which  point  to  the  input  and  output  packet  locations  in  "pkbuf."  The 
flag  "adnow"  indicates  when  an  A/D  conversion  is  in  progress.  The  function  uses  the 
down  counter  "dsec."  See  the  table  for  the  input  packet  processing  function  input 
(Table  18)  for  additional  information. 

3. 4. 5.2. 2  Processing. 

a.  Intent.  This  function  decodes  valid  packets  to  determine  if  the  receiving  PMC 
is  the  correct  destination  and  then  responds  appropriately. 

b.  Parameters  Affected.  No  parameters  are  affected  by  this  function. 

c.  Sequence  and  Timing.  The  packet  address  is  first  decoded.  If  the  address 
matches  the  PMC  address  then  the  processing  continues  with  checks  to  assure 
the  request  is  for  soldier  status  (CSS)  and  the  packet  can  be  processed. 
Proper  requests  cause  a  PMC  soldier  status  (P5S)  packet  to  be  transmitted. 
Requests  made  during  A/D  conversions  must  be  postponed.  These  requests 
a.  3  recorded  by  the  variable  "reqpss"  and  no  PSS  packets  are  transmitted. 
See  the  flowchart  for  the  input  packet  processing  (Figure  5)  for  additional 
detail. 

d.  Error  Detection  and  Recovery.  This  function  contains  no  error  detection  and 
recovery  software. 

e.  Restrictions  or  Limitations.  No  restrictions  or  limitations  pertain  to  this  func¬ 
tor,. 

f.  Allocation  of  CSCI  Performance  Requirements.  See  function  block  diagram 

(Figure  2). 

3. 4. 5. 2. 3  Outputs.  The  function  has  2  outputs.  The  flag  "daemonflag”  assures  only  one 
invocation  of  the  input  packet  processing  is  running  at  a  time.  The  variable  "reqpss" 
record;;  HHM  requests  for  soldier  status  that  have  been  postponed  due  to  an  A/D 
conversion.  S*e  the  table  for  the  input  packet  processing  function  output  (Table  19)  for 
additional  information. 

3.4.6  Get  Data  Function. 

3. 4. 6.1  Inputs.  This  function  has  3  inputs.  The  variable  "adval"  contains  the  wrist 
impedance  signal  from  the  A  D  conversion  function.  The  two  other  inputs  are  flags. 
The  flag  "adnexw"  signals  completed  A/D  conversions.  .And  the  flag  "didtrans"  indicates 
the  RF  transmission  has  been  activated  during  the  A/D  conversion.  See  the  table  for 
the  get  data  function  input  (Table  20)  for  additional  information. 
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3.4. 6.2  Processing. 

a.  Intent.  This  function  receives  data  from  the  wrist  impedance  circuit  and 
stores  the  A/D  converted  data  points  in  an  array. 

b.  Parameters  Affected.  No  parameters  are  affected  by  this  function. 

c.  Sequence  and  Timing.  The  following  sequence  of  events  occurs  for  each  data 
point  stored  in  the  array  "pbuf."  The  flag  "adnext"  is  cleared.  The  clock  inter¬ 
rupt  routines  (functions  Time  Keeping  and  A/D  conversion)  execute  an  A/D 
conversion  and  save  the  converted  value  in  the  variable  "adval."  The  flag 
"adnext"  is  then  set  to  1  to  indicate  the  conversion  is  complete  and  the  data 
point  has  been  processed.  Then  the  value  in  "adval"  is  transferred  to  the  next 
location  in  "pbuf."  This  entire  sequence  is  repeated  until  "pbuf"  has  been 
filled. 

d.  Error  Detection  and  Recovery.  Another  function  may  transmit  data  while 
"pbuf  is  being  filled.  This  will  cause  the  data  in  "pbuf  to  be  contaminated. 
When  this  contamination  occurs  the  flag  "didtrans"  is  set  to  1,  the  data  in 
"pbuf  is  discarded,  and  filling  begins  again. 

e.  Restrictions  or  Limitations.  A  transmission  e' ror  will  occur  if  an  A/D  data 
point  is  mo”ed  to  the  storage  array  "pbuf  while  any  other  signal  is  being  sent. 

f.  Allocation  of  CSCI  Performance  Requirements.  See  function  block  diagram 
(Figure  2). 

3.4. 6.3  Outputs.  The  function  has  3  outputs.  The  array  "pbuf  contains  the  digitized 
impedance  signal  and  the  variable  "npbuf  holds  the  length  of  this  array.  The  flag 
"adnow”  indicates  when  an  A/D  conversion  is  in  progress.  See  the  table  for  the  get  data 
function  output  (Table  21)  for  additional  information. 

3.4.7  Get  Rates. 

3.4.7. 1  Preprocessor  Function. 


3. 4. 7. 1.1  Inputs.  The  function  has  2  inputs.  The  array  "pbuf"  stores  the  digitized 
impedance  signal.  The  variable  "npbuf  indicates  the  number  of  array  storage  locations 
currently  in  use.  See  the  table  for  the  p  reprocessor  function  input  (Table  22)  for  addi¬ 
tional  information. 

3.4.7. 1.2  Processing. 

a.  Intent.  This  function  locates  and  filters  A/D  data.  The  function  also  deter¬ 
mines  the  length  of  the  filtered  segment. 

b.  Parameters  Affected.  No  parameters  are  affected  by  this  function. 
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c.  Sequence  and  Timing.  The  function  locates  all  on-scale  data  points.  From 
these  values,  the  longest  continuous  on~3cale  data  section  is  isolated.  This  sec¬ 
tion  is  initially  passed  through  a  low  pass  filter  and  then  the  data  segment  is 
passed  through  a  high  pass  filter.  The  average  of  the  resulting  data  segment  is 
determined.  Based  on  the  median  value,  a  new  on-scale  upper  limit  is  com¬ 
puted.  The  current  data  segment  is  passed  through  the  newly  established  win¬ 
dow  and  again  the  longest  continuous  data  section  is  isolated.  The  length  of 
the  data  segment  is  determined  and  stored.  See  flowchart  for  the  preprocessor 
function  (Figure  6)  for  additional  information. 

d.  Error  Detection  and  Recovery.  This  function  contains  no  error  detection  and 
recovery  software. 

e.  Restrictions  or  Limitations.  No  restrictions  or  limitations  pertain  to  this  func¬ 
tion. 

f.  Allocation  of  CSCI  Performance  Requirements.  See  function  block  diagram 
(Figure  2). 

i. 4. 7. 1.3  Outputs.  The  function  has  4  outputs.  The  array  "pbuf"  contains  the  filtered 
V/D  data  segment.  And  the  variable  "seglen"  holds  the  length  of  this  data  segment. 
The  average  value  of  the  data  segment  is  stored  in  the  variable  "val."  The  variable 
’mocount"  contains  the  motion  count.  See  tne  table  for  the  preprocessor  function  out- 
>ut  (Table  23)  for  additional  information. 

5. 4. 7. 2  Heart  Rate  Calculation  Function. 

J. 4. 7. 2.1  Inputs.  This  function  has  5  inputs.  The  array  "pbuf"  contains  the  filtered 
\/D  data  segment.  The  length  of  this  data  segment  is  stored  in  the  variable  "seglen.” 
The  stack  indexes  ("Si",  "S2",  "S3")  locate  values  for  signal  averaging.  And  the  variable 
Val"  holds  the  data  segment  average.  The  motion  count  is  stored  in  the  variable 
’mocount."  See  the  table  for  the  heart  rate  calculation  function  input  (Table  24)  for 
additional  information. 

3.4. 7. 2. 2  Processing. 

a.  Intent.  This  function  calculates  the  heart  rate  of  a  filtered  data  segment  with 
a  minimum  duration  of  five  seconds. 

b.  Parameters  Affected.  No  parameters  are  affected  by  this  function. 

c.  Sequence  and  Timing.  Initial  checks  are  made  to  determine  if  the  data  are 
reasonable  and  if  the  data  have  a  duration  of  at  least  five  seconds.  If  process¬ 
ing  is  to  continue,  the  following  steps  are  performed.  The  FFT  of  the  data 
segment  is  computed  and  the  spectrum  (S(f))  is  calculated.  Depending  upon 
the  number  of  consecutive  data  segments  previously  processed,  the  current 
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d. 


e. 


f. 


spectrum  is  averaged  with  zero,  one  or  two  previous  spectra.  The  frequency 
corresponding  to  the  peak  amplitude  of  the  average  spectra  (S(i))  is  located 
and  the  heart  rate  is  computed  using  the  formula 


HeartRate  — 


(i— 2)*S(i— 2)  +  i*S(i-l)  +  (i)*S(i) 


*  bpm 


S(i — 2)  +  S(i-l)  +  S(i)  128 

See  the  flowchart  for  the  heart  rate  function  (Figure  7)  for  additional  informa¬ 
tion. 


Error  Detection  and  Recovery.  Periodogram  averaging  reduces  the  effects  of 
the  noise  in  the  signal. 

Restrictions  or  Limitations.  No  restrictions  or  limitations  pertain  to  this  func¬ 
tion. 


Allocation  of  CSC1  Performance  Requirements.  See  function  block  diagram 
(Figure  2). 


3. 4. 7.2.3  Outputs.  This  function  has  only  one  output  which  is  the  variable  "hrate."  This 
variable  stores  the  soldier’s  heart  rate.  See  the  table  for  the  heart  rate  calculation  func¬ 
tion  output  (Table  25)  and  the  table  for  heart  rate  codes  (Table  28)  for  additional  infor¬ 
mation. 


3.4.8  Transmit  Function. 

3.4.8. 1  Inputs.  This  function  has  7  inputs.  The  variable  "evnum"  contains  the  number 
of  evaluations  performed  since  power-up.  The  variables  "ad_offw,"  "hrate,"  "mocount," 
and  "ad_batt"  contain  the  off-wrist  signal,  the  heart  rate,  the  relative  motion  value,  and 
the  battery  voltage,  respectively.  The  function  uses  the  general  timer  "dcount."  The 
register  HllSCSR  stores  the  status  byte  from  the  serial  receiver.  See  the  table  for  the 
transmit  function  input  (Table  26)  for  additional  information. 

3.4. 8. 2  Processing. 

a.  Intent.  This  function  encodes  and  transmits  valid  packets  to  requestings 
HHMs. 

b.  Parameters  Affected.  No  parameters  are  affected  by  this  function. 

c.  Sequence  and  Timing.  The  sequence  necessary  to  build  and  transmit  a  valid 
packet  is  as  follows.  The  packet  characters  are  encoded  and  stored  in  the 
buffer  "pkmess.”  The  routine  "buildpak"  adds  the  packet  header  ("A),  the 
PMCID,  and  the  id  end  marker  (:)  to  the  existing  packet  characters.  The 
entire  string  is  stored  in  the  buffer  "tpakbuf."  Then  the  routine  "sendpak"  cal¬ 
culates  and  encodes  the  packet’s  8  bit  checksum  which  is  added  to  the  packet 
along  with  a  line  feed  and  carriage  return.  Once  the  packet  is  built  the 
transmitter  is  keyed.  Following  a  period  of  200  msec  to  allow  the  HHM 
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receiver  to  stabilize,  the  packet  is  sent.  The  transmit  key  line  is  then  turned 
off. 

d.  Error  Detection  and  Recovery.  This  function  contains  no  error  detection  and 
recovery  software. 

e.  Restrictions  or  Limitations.  The  transmitter  must  be  keyed  for  200  msec 
before  data  are  sent  to  give  the  modem  in  the  receiver  the  time  necessary  to 
decode  valid  data. 

f.  Allocation  of  CSCI  Performance  Requirements.  See  function  block  diagram 
(Figure  2). 

3. 4. 8.3  Outputs.  This  function  has  5  outputs.  The  flag  "evflag"  signals  requests  for  sol¬ 
dier  evaluation.  The  flag  "didtrans"  indicates  the  RF  transmission  has  been  activated 
during  the  A/D  conversion.  The  array  "tpakbuf"  contains  processed  information  to  be 
displayed.  The  register  HllSCDR  contains  the  received  characters  and  the  register 
HllPORTA  (bit  4)  controls  the  radio  power  key  line.  See  the  table  for  the  transmit 
function  output  (Table  27)  for  additional  information. 

3.5  Adaptation  Requirements. 

3.5.1  System  Environment.  This  section  is  not  applicable  to  this  specification. 

3.5.2  System  Parameters.  This  section  is  not  applicable  to  this  specification. 

3.5.3  System  Capacities.  This  section  is  not  applicable  to  this  specification. 

3.6  Quality  Factors. 

3.6.1  Correctness  Requirements.  The  PMC  CSCI  is  considered  to  be  100 %  correct. 

3.6.2  Reliability  Requirements.  The  software  has  been  developed  to  consistently  pro¬ 
vide  meaningful  results  regardless  of  the  input  signal. 

3.6.3  Efficiency  Requirements.  The  CSCI  uses  the  computer  resources  in  a  manner 
which  accomplishes  status  cycle  evaluation  and  reporting  in  less  than  15  seconds. 

3.8.4  Integrity  Requirements.  No  control  against  unauthorized  access  to  operations  and 
data  exists  in  this  CSCI. 

3.6.5  Usability  Requirements.  This  section  is  not  applicable  to  this  specification  since 
there  is  no  direct  interactiou  between  the  user  and  this  CSCI. 
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.6.6  Maintainability  Requirements.  The  maximum  effort  necessary  to  locate  and  fix  an 
rror  should  not  exceed  2  human  work  weeks. 

.6.7  Testability  Requirements.  Testing  of  tfte  CSCI  should  range  from  1  day  to  1 
?eek  depending  on  the  data  set  selected.  Sections  of  the  CSCI  are  difficult  to  indepen- 
lently  test  due  to  their  close  relationship  to  the  hardware. 

5.6.8  Flexibility  Requirements.  Minimal  time  will  be  required  for  enhancements  due  to 
.he  modular  nature  of  the  PMC  CSCI. 

5.6.9  Portability  Requirements.  The  software  is  portable  due  to  the  facts  it  is  primarily 
written  in  C  and  it  is  modular.  However,  since  the  software  has  been  developed  for  a 
particular  microprocessor  with  built-in  interfaces,  complications  may  result  when 
attempting  to  re-port  the  software. 

3.6.10  Reusability  Requirements.  The  PMC  CSCI  will  be  reusable  in  other  applications 
with  minimal  effort  since  the  software  is  written  in  the  high  level  language  C  and  is 
modular. 

3.6.11  Interoperability  Requirements.  The  CSCI  is  not  compatible  with  any  existing  sys¬ 
tems  except  for  the  hand  held  monitor  (HHM)  and  the  prototype  multimonitor. 

3.6.12  Additional  Quality  Factor  Requirements.  This  section  is  not  applicable  to  this 
specification. 

3.7  CSCI  Support. 

3.7.1  Facility  Requirements.  Laborato’y  workspace  suitable  for  the  equipment  and  per¬ 
sonnel  listed  below  is  necessary.  The  workspace  will  need  to  have  standard  120  volt  AC 
power,  temperature  control  for  the  room,  a  computer  table,  and  a  workbench. 

3.7.2  Equipment  Requirements.  The  following  equipment  is  necessary: 

a.  IBM  PC  compatible  computer  with  a  serial  port  to  talk  to  the  emulator 
(recommend  a  386  system  with  a  hard  disk  drive) 

b.  Motorola  HDS-300  Development  System  with  a  88HC11  emulator  pod 

c.  Wire-wrap  prototype  of  PMC  and  HHM  hardware  with  a  digital  to  analog 
converter  for  debugging  and  testing  software  during  development 

d.  100  MHz  bandwidth  oscilloscope  to  monitor  software  functions 

e.  Five  volt  DC  power  supply  for  prototype  circuit 
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f.  PROM  programmer  to  attach  to  the  EBM  PC  compatible  computer  for  pro¬ 
gramming  27C64  and  27C256  EPROMS 

3.7.3  Software  Requirements.  The  following  software  is  necessary: 

a.  INTROL-C/68HC11  C  cross  compiler  for  the  Motorola  68HC11  microprocessor 

■'ich  runs  on  the  IBM  PC  compatible  computer 

b.  MS-DOS  for  the  IBM  PC  compatible  computer 

c.  Text  editor 

d.  Copies  of  the  PMC  and  HHM  source  code 

e.  File  transfer  program  for  PC  to  HDS-300  communication 

f.  Digital  signal  processing  software  consisting  of  a  database  of  wrist  impedance 
signals  and  appropriate  analysis  and  display  software 

g.  C  compiler  for  the  EBM  PC  compatible  computer  to  compile  and  test  the 
software  described  in  item  6  (above) 

3.7.4  Personnel  Requirements.  The  personnel  maintaining  and  developing  the  PMC 
and  HHM  software  need  knowledge  in  the  following  areas: 

a.  C  programming 

b.  stand-alone  microprocessor  programming  (MC58HC11  in  particular) 

c.  real  time  programming  (interrupt  handling,  etc.) 

d.  digital  signal  processing 

3.8  Traceability.  Thi3  section  is  not  applicable  to  this  specification. 


4.  QUALIFICATION  REQUIREMENTS 

4.1  General  Qualification  Requirements.  Testing  was  performed  on  the  heart  rate  pro¬ 
cessing  software  of  the  PMC.  See  Appendix  I  for  details  of  the  testing.  Additional  test¬ 
ing  of  the  CSCI  was  done  in  conjunction  with  the  HHM  CSCI  (HHM-CSCI.2)  at  the 
interface  level.  See  documentation  concerning  this  testing  in  the  Interface  Requirement 
Specification  (A006). 

4.2  Special  Qualification  Requirements.  This  section  is  not  applicable  to  this 
specification. 
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5.  PREPARATION  FOR  DELIVERY 

5.1  Preparation  For  Delivery  The  CSCI  software  will  be  delivered  in  object  code  form 
on  an  EPROM  soldered  into  the  PMC  unit.  A  hardcopy  of  the  source  code  can  be  found 
in  the  appendix  which  accompanies  this  documentation. 


6.  NOTES 

6.1  Acronyms  See  acronym  summary  table  (Table  29). 
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FIGURE  I.  Interface  block  diagram. 
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FIGURE  2.  Function  block  diagram. 


FIGURE  4.  Function  packet  construction  finite  state  machine. 
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find  new  on-scale  maximum  level 
level  -  (6  x  median  value  of  signal) 
if  (level>75)  -->  level  »  75 
if  (levd<25)  -->  level  -  25 


replace  off-scale 
segment  with  SO 


trapezoidal  window 
cn-scale  segment 


determine  where  data 
is  off-scale 
(based  on  new  level) 


determine  segment 
length  (seglen) 


Outputs;  vnl,  mocount 


Outputs:  val,  mocount,  seglen, 
processed  data  segment 


FIGURE  6.  Function  preprocessor  flowchart. 
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TABLE  l.  Interface  identification/docurnentation. 
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TABLE  2.  Interface  summary. 


INTERFACE 

NAME 

INFORMATION 

DESCRIPTION 

INITIATION 

CONDITION 

EXPECTED 

RESPONSE 

WZCA 

Wrist  impedance 
analysis  signal 

HWCI  3-to-CSCI  1 

WZC 

powered  up 

Signal  that 
varies  with 
contraction  of  heart 

WZCB 

Off-wrist 
analog  signal 

HWCI  3-to-CSCI  1 

WZC 

powered  up 

Signal  that 
varies  with 
electrode  contact 

WZCC 

WZC  power 

CSCI  1-to-HWCI  3 

PMC 

activated 

Activates 

WZCA  and  WZCB 

PRCV 

Proximity  data 
HWCr4-to-CSCI  1 

Activated 

HHM  nearby 

Interrupt  sent 
to  activate  PMC 

VRFA 

Analog  reference 
voltage 

HWCI  5-to-CSCI  1 

PMC 

activated 

Voltage 

reference 

DRTA 

Transmit  data 
serial  communication 
CSCI  1-to-HWCI  6 

PMC  sending 
data  packet 

Data  sent 
by  RF 
transceiver 

DRTB 

Receive  data 
serial  communication 
HWCI  6-to-CSCI  1 

DRT  receiving 
data  packet 

Data  packet 
processed 

DRTC 

DRT  power 

CSCI  1-to-HWCI  6 

PMC 

activated 

DRT  activated 

RTCA 

Real  time 
clock  interrupt 

HWCI  11-to-CSCI  l 

HHM  powered  up 
or  PMC  activated 

Internal  interrupt 
at  50  HZ 
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TABLE  3.  Request  for  soldier  status  (CSS)  format. 


DATA  LENGTH 

DATA  TYPE 

CONTENT 

DESCRIPTION 

2  bytes 

ASCII 

’A 

packet  header 

1  to  5  bytes 

Ascn 

1  to  5  digits 

PMC  id  number 

1  byte 

asch 

: 

id  end  marker 

3  bytes 

asce 

CSS 

packet  type 

1  byte* 

ASCH 

space  (blank) 

1  byte* 

ASCH 

I 

signals  CSCI 1  response 

2  bytes 

ASCH 

hex  digits 

packet  checksum 

2  bytes 

Ascn 

LfCr 

packet  trailer 

*  optional 
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TABLE  4.  PMC  positive  acknowledge  ( PPA )  format. 


DATA  LENGTH 

DATA  TYPE 

CONTENT 

DESCRIPTION 

2  bytes 

Ascn 

"A 

packet  header 

1  to  5  bytes 

ASCII 

1  to  5  digits 

PMC  id  number 

1  byte 

Ascn 

: 

id  end  marker 

3  bytes 

asch 

PPA 

packet  type 

2  bytes 

asch 

hex  digits 

packet  checksum 

2  bytes 

asch 

LfCr 

packet  trailer 
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TABLE  5.  PMC  soldier  status  ( PSS )  format. 


DATA  LENGTH 

DATA  TYPE 

CONTENT 

DESCRIPTION 

2  bytes 

ASCII 

A 

packet  header 

1  to  5  oytes 

Ascn 

1  to  5  digits 

PMC  id  number 

1  byte 

ASCH 

: 

id  end  marker 

3  bytes 

Ascn 

PSS 

packet  type 

1  byte 

ASCII 

space  (blank) 

1  to  5  bytes 

Ascn 

1  to  5  digits 

evaluation  count 

1  byte 

ASCII 

space  (blank) 

1  to  3  bytes 

Ascn 

1  to  3  digits 

off-wrist  level 

1  byte 

Ascn 

space  (blank) 

2  to  3  bytes 

Ascn 

2  to  3  digits 

heart  rate 

1  byte 

Ascn 

space  (blank) 

1  to  4  bytes 

Ascn 

1  to  4  digits 

motion  count 

1  byte 

ASCH 

space  (blank) 

1  to  3  bytes 

ASCH 

1  to  3  digits 

A/D  reference  level 

1  byte 

ASCH 

space  (blank) 

2  bytes 

ASCH 

LfCr 

packet  trailer 
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TABLE  6.  Function  power  up  initialization  input. 


ITEM 

DESCRIPTION 

UNITS  OF 

MEASURE 

FREQUENCY 

OF  ARRIVAL 

LEGALITY 

CHECK 

SOURCE 

1 

Power  up 
reset 

N/A 

Once  when  device 
is  turned  on 

N/A 

CSCI  1 

A005 


TABLE  7.  Function  power  up  initialization  output. 


ITEM 

DESCRIP¬ 

TION 

UNITS  OF 

MEASURE 

FREQUENCY 

OF  DEPARTURE 

LEGALITY 

CHECK 

DESTINA¬ 

TION 

1 

Buffer  input 

index 

(pin) 

N/A 

N/A 

N/A 

Function 

Packet 

Construction 

2 

Buffer  output 

index 

(pout) 

N/A 

N/A 

N/A 

F  unction 
Packet 

Construction 

3 

Stack 

indexes 
(SI,  S2.  S3) 

N/A 

N/A 

N/A 

F  unction 

Heart  Rate 
Calculation 

4 

A/D  conversion 
enable  flag 
(adflag) 

N/A 

N/A 

N/A 

F  unction 

A/D 

Conversion 

5 

Conversion  in 
progress  flag 
(adnow) 

N/A 

N/A 

N/A 

Function 

Input 

Packet 

Processing 

6 

Individual 

processing 

flag 

(daemonflag) 

N/A 

N/A 

N/A 

F  unction 
Packet 

Construction 

7 

Evaluation 

flag 

(evflag) 

N/A 

N/A 

N/A 

Function 

Main  Monitor 

8 

PRCV 

interrupt 

flag 

(proxflag) 

N/A 

N/A 

N/A 

Function 

Proximity 

Interrupt 
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TABLE  7,  continued 
Function  power  up  initialization  output 


ITEM 

DESCRIP¬ 

TION 

UNITS  OF 
MEASURE 

FREQUENCY 

OF  DEPARTURE 

LEGALITY 

CHECK 

DESTINA¬ 

TION 

9 

Record 

flag 

(reqpss) 

N/A 

N/A 

N/A 

Function 

Main  Monitor 

10 

Down 

counter 

(dsec) 

Seconds 

N/A 

Yes 

Function 

Main 

Monitor  or 

Time 

Keeping  or 
Input  Packet 
Processing 

11 

General 

timer 

(dcount) 

Seconds 

N/A 

Yes 

F  unction 

Time 

Keeping 

12 

General 

timer 

(pcount) 

1/50 

Seconds 

N/A 

Yes 

Function 

Power  Up 

13 

Initialization 

subroutine 

(pkclear) 

N/A 

N/A 

N/A 

F  unction 

Packet 

Construction 

14 

HI 

N/A 

N/A 

N/A 

HWCI  6 

15 

Port  D 
direction 
register 
(HllDDRD) 

N/A 

N/A 

N/A 

HWCI  6 
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TABLE  7,  continued 
Function  power  up  initialization  output 


ITEM 

DESCRIP¬ 

TION 

UNITS  OF 

MEASURE 

FREQUENCY 

OF  DEPARTURE 

16 

A/D 

conversion 

(HllOPTION) 

N/A 

N/A 

N/A 

HWCI  3 

17 

Key  line 
(HI  IP  ORTA 
bit  4) 

N/A 

N/A 

N/A 

HWCI  6 

18 

Wrist 
impedance 
(HI  IP  ORTA 
bit  5) 

N/A 

N/A 

N/A 

HWCI  2 

19 

Port  D 

(HllPORTD) 

N/A 

N/A 

N/A 

HWCI  6 

20 

Serial 

interface 
register  1 
(HllSCCRl) 

N/A  , 

N/A 

N/A 

HWCI  6 

21 

Serial 

interface 

interrupt 

(H11SCCR2) 

N/A 

N/A 

N/A 

HWCI  6 

22 

Output 
compare  1 
interrupt 

(H11TMSK1) 

N/A 

N/A 

N/A 

HWCI  11 

23 

Output 
compare  1 
register 
(H11TOC1) 

N/A 

N/A 

N/A 

HWCI  11 

42 
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TABLE  8.  Function  main  monitor  input. 


ITEM 

DESCRIPTION 

UNITS  OF 

MEASURE 

FREQUENCY 
OF  ARRIVAL 

LEGALITY 

CHECK 

SOURCE 

1 

Evaluation 

flag 

(evflag) 

N/A 

15  second 
intervals  when 

PMC  activated 

N/A 

Function 

Power  Up  or 
Proximity 
Interrupt  or 
Transmit 

2 

Record 

flag 

(reqpss) 

N/A 

N/A 

N/A 

Function 

Power  Up  or 
Input  Packet 
Processing 

3 

Heart 

rate 

(hrate) 

Beats/Min 

15  second 
intervals  when 

PMC  activated 

No 

1 

Function 

Heart  Rate 

Calculation 

4 

Motion 

count 

(mocount) 

N/A 

15  second 
intervals  when 
PMC  activated 

No 

Function 

Preprocessor 

5 

Down 

counter 

(dsec) 

Seconds 

1  /second 

No 

HWCI  11  or 

F  unction 

Power  Up  or 
Time  Keeping 
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TABLE  9.  Function  main  monitor  output. 


ITEM  I  DESCRIP¬ 
TION 


UNITS  OF 

MEASURE 

- ~ '  —  '  — 

FREQUENCY 

OF  DEPARTURE 

LEGALITY 

CHECK 

DESTINA¬ 

TION 

Beats/Minute 

N/A 

No 

Function 

Transmit 

N/A 

N/A 

No 

Function 

Transmit 

N/A 

N/A 

No 

Function 

Transmit 

Seconds 

N/A 

No 

Function 

Time 

Keeping 

Heart  rate 
(hrate) 


number 

(evnum) 


Down 

counter 

(dsec) 
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TABLE  10.  Function  proximity  interrupt  input. 


B 

DESCRIPTION 

UNITS  OF 

MEASURE 

FREQUENCY 
OF  ARRIVAL 

LEGALITY 

CHECK 

SOURCE 

1 

PRCV 

interrupt 

N/A 

Once  to 
activate  PMC 

N/A 

HWCI4 

2 

PRCV 

interrupt  flag 
(proxflag) 

N/A 

N/A 

N/A 

Function 
Power  Up 

1 


TABLE  11  Function  proximity  i 


ITEM  |  DESCRIP-  j  UMTS  OF  j  FREQUENCY 


3 


1 


5 


TION 


Evaluation 

flag 

(evflag) 


RF  activation 
flag 


MEASURE  !  OF  DEPARTURE 


15  second 
intervals  when 
PMC  activated 


(didtrans) _ 

Timer  N/A  N/A 

flag 


fstompflag)  j _ 

|  Serial  N/A  N/A 

j  interface 
;  interrupt 

|  (Hi  1SCCR21  1 _ 

Key  line  N/A  N/A 

(H11PORTA,  j 

bit  -1) 
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;  output. 


f 


\ 
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TABLE  12.  Function  time  keeping  input. 


ITEM 

DESCRIPTION 

UNITS  OF 

MEASURE 

FREQUENCY 
OF  .ARRIVAL 

LEGALITY 

CHECK 

SOURCE 

1 

Clock 

interrupt 

N/A 

50  Hz 

N/A 

HWCI  11 

2 

Down 

counter 

(dsec) 

Seconds 

N/A 

Yes 

Function 
Power  Up  or 
Main 

Monitor 

3 

General 

timer 

(dcount) 

Seconds 

N/A 

Yes 

CSCI  1  or 
Function 
Power  Up 

•4  1  General 

!  timer 

t 

|  (pcount) 

1/50 

Seconds 

N/A 

Yes 

HWCI  6  or 

F  unction 
Power  Up 

47 
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TABLE  13.  Function  time  keeping  outpvt. 


ITEM 

DESCRIP¬ 

TION 

UNITS  OF 

MEASURE 

FREQUENCY 

OF  DEPARTURE 

LEGALITY 

CHECK 

DESTINA¬ 

TION 

1 

Down 

counter 

(dsec) 

Seconds 

N/A 

N/A 

Function 

Main 

Monitor  or 
Input  Packet 
Processing 

2 

General 

timer 

(dcount) 

Seconds 

N/A 

N/A 

F  unction 

Transmit 

3 

General 

timer 

(pcount) 

1/50 

Seconds 

N/A 

N/A 

Function 

Packet 

Construction 

4 

Interrupt 

flag 

(H11TFLG1) 

N/A 

N/A 

N/A 

HWCI  11 

5 

Timing 

. 

-egister 

(HllTOCl) 

N/A 

N/A 

N/A 

HWCI  11 

6 

Timer 

interrupt 

(Hi  1COPRST) 

N/A 

N/A 

' 

N/A 

HWCI  11 
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TABLE  14.  Function  A/D  conversion  input. 


ITEM 

DESCRIPTION 

UNITS  OF 
MEASURE 

FREQUENCY 
OF  ARRIVAL 

LEGALITY 

CHECK 

SOURCE 

1 

A/D  conversion 
enable  flag 
(adflag) 

N/A 

N/A 

N/A 

Function 
Power  Up  or 
Get  Data 

2 

A/D  conversion 
status  byte 
(HllADCTL) 

N/A 

N/A 

N/A 

HWCI3 

3 

Wrist  impedance 
signal 

(HllADRl) 

N/A 

25  Hz 

No 

HWCI3 

4 

Off  wrist 
signal 

(H11ADR2) 

N/A 

25  Hz 

No 

HWCI3 

5 

Battery 

voltage 

(K11ADR3) 

N/A 

25  Hz 

No 

HWCI3 
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TABLE  15.  Function  A/D  conversion  output. 


ITEM 

DESCRIP¬ 

TION 

UNITS  OF 

MEASURE 

FREQUENCY 

OF  DEPARTURE 

LEGALITY 

CHECK 

DESTINA¬ 

TION 

1 

Wrist  impedance 

signal 

(adval) 

N/A 

25  Hz 

No 

Function 

Get  Data 

2 

A/D  conversion 
completion  flag 
(adnext) 

N/A 

N/A 

N/A 

Function 

Get  Data 

3 

Off  wrist 

signal 

(ad_offw) 

N/A 

N/A 

No 

F  unction 

Transmit 

4 

Battery 

voltage 

(ad_batt) 

N/A 

N/A 

No 

F  unction 

Transmit 

5 

A/D 

conversion 
control  flag 
(HllADCTL) 

N/A 

N/A 

N/A 

HWCI  3 
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TABLE  16.  Function  packet  construction  input. 


ITEM 

DESCRIPTION 

UNITS  OF 
MEASURE 

FREQUENCY 
OF  ARRIVAL 

LEGALITY 

CHECK 

SOURCE 

1 

Serial  receiver 
interrupt 

N/A 

N/A 

N/A 

HWCI6 

2 

Buffer  input 

index 

(pin) 

N/A 

N/A 

N/A 

Function 
Power  Up 

3 

Buffer  output 

index 

(pout) 

N/A 

N/A 

N/A 

Function 
Power  Up 

4 

General 

timer 

(pcount) 

1/50 

Seconds 

N/A 

N/A 

Function 

Time 

Keeping 

5 

Timer 

flag 

(stompflag) 

N/A 

N/A 

N/A 

Function 

Proximity 

Interrupt 

6 

Individual 

processing 

flag 

(daemonflag) 

N/A 

N/A 

N/A 

Function 
Power  Up  or 
Input  Packet 
Processing 

7 

Initialization 

subroutine 

(pkclear) 

N/A 

N/A 

No 

Function 
Power  Up 

8 

Serial  receiver 
status  byte 
(H11SCSR) 

N/A 

N/A 

N/A 

HWCI6 

9 

■PHMI 

1 

ISSESmI 

N/A 

N/A 

N/A 

HWCI6 
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TABLE  17.  Function  packet  construction  output. 


ITEM 

DESCRIP¬ 

TION 

UNITS  OF 

MEASURE 

FREQUENCY 

OF  DEPARTURE 

LEGALITY 

CHECK 

DESTINA¬ 

TION 

1 

Packet 

storage 

(pkbuf) 

N/A 

N/A 

Yes 

Function 

Input 

Packet 

Processing 

2 

Buffer 

input 

index 

(pin) 

N/A 

N/A 

Yes 

Function 

Input 

Packet 

Processing 

3 

Buffer 

output 

index 

(pout) 

N/A 

N/A 

No 

Function 

Input 

Packet 

Processing 
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TABLE  18.  Function  input  packet  processing  input. 


ITEM 

DESCRIPTION 

UNITS  OF 

MEASURE 

FREQUENCY 
OF  ARRIVAL 

LEGALITY 

CHECK 

SOURCE 

1 

Packet  storage 

buffer 

(pkbuf) 

N/A 

N/A 

N/A 

Function 

Packet 

Constr  -tion 

2 

Buffer  input 

index 

(pin) 

N/A 

N/A 

N/A 

Function 

Packet 

Construction 

3 

Buffer  output 

index 

(pout) 

N/A 

N/A 

N/A 

Function 

Packet 

Construction 

4 

Conversion  in 
progress  flag 
(adnow) 

N/A 

N/A 

N/A 

F  unction 

/ 

Power  Up  or 
Get  Data 

5 

Down 

counter 

(dsec) 

Seconds 

N/A 

Yes 

Function 
Power  Up  or 
Time  Keeping 
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TABLE  19.  Function  input  packet  processing  output. 


ITEM 

DESCRIP¬ 

TION 

UNITS  OF 

MEASURE 

FREQUENCY 

OF  DEPARTURE 

LEGALITY 

CHECK 

DESTINA¬ 

TION 

1 

individual 

processing 

flag 

(daemonflag) 

N/A 

N/A 

N/A 

Function 

Packet 

Construction 

2 

Record 

flag 

(reqpss) 

N/A 

N/A 

N/A 

F  unction 

Main 

Monitor 
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TABLE  20.  Function  get  data  input. 


ITEM 

DESCRIPTION 

UNITS  OF 
MEASURE 

FREQUENCY 
OF  ARRIVAL 

LEGALITY 

CHECK 

SOURCE 

1 

Wrist  impedance 

signal 

(adval) 

N/A 

25  Hz 

No 

Function 

A/D  Conversion 

2 

A/D  conversion 
completion  flag 
(adnext) 

N/A 

N/A 

N/A 

Function 

A/D  Conversion 

3 

RF  activation 
flag 

(didtrans) 

N/A 

N/A 

N/A 

Function 
Proximity 
Interrput  or 
Transmit 
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TABLE  21.  Function  get  data  output. 


ITEM 

DESCRIP¬ 

TION 

UNITS  OF 
MEASURE 

FREQUENCY 

OF  DEPARTURE 

LEGALITY 

CHECK 

DESTINA¬ 

TION 

1 

Digitized  impedance 

signal 

(pbuf) 

N/A 

25  Hz 

No 

Function 

Preprocessor 

2 

Number  of 
points  in  pbuf 
(npbuf) 

N/A 

N/A 

N/A 

F  unction 
Preprocessor 

3 

Conversion  in 
progress  flag 
(adnow) 

N/A 

N/A 

N/A 

Function 

Input 

Packet 

Processing 
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TABLE  22.  Function  preprocessor  input. 


ITFM 

DESCRIPTION 

UNITS  OF 
MEASURE 

FREQUENCY 
OF  ARRIVAL 

LEGALITY 

CHECK 

SOURCE 

1 

Digitized  impedance 

signal 

(pbuf) 

N/A 

25  Hz 

No 

Function 
G?*t  Data 

2 

Number  of 
points  in  pbuf 
(npbuf) 

N/A 

N/A 

N/A 

Function 
Get  Data 
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TABLE  23.  Function  preprocesser  output. 


ITEM 

DESCRIP¬ 

TION 

UNITS  OF 

MEASURE 

FREQUENCY 

OF  DEPARTURE 

LEGALITY 

CHECK 

DESTINA¬ 

TION 

1 

Filtered 
data  segment 
(pbuf) 

N/A 

25  Hz 

No 

Function 

Heart  Rate 

Calculation 

2 

Length  of 
data  segment 
(seglen) 

N/A 

N/A 

No 

Function 

Heart  Rate 

Calculation 

3 

Average  value 
of  data  segment 
(val) 

N/A 

N/A 

No 

F  unction 

Heart  Rate 

Calculation 

4 

Motion  count 
(mocount) 

N/A 

15  second 

intervals  when 

PMC  activated 

No 

Function 

Main 

Monitor  or 

Heart  Rate 

Calculation 
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TABLE  24.  Function  heart  rate  calculation  input. 


ITEM 

DESCRIPTION 

UNITS  OF 

MEASURE 

FREQUENCY 
OF  ARRIVAL 

LEGALITY 

CHECK 

SOURCE 

1 

Filtered 
data  segment 
fpbuf) 

N/A 

25  Hi 

No 

F  unction 
Preprocessor 

2 

Length  of 
data  segment 
(seglen) 

N/A 

N/A 

No 

F  unction 
Preprocessor 

3 

Average  value 
of  data  segment 
fval) 

N/A 

N/A 

No 

Function 

Preprocessor 

4  |  Motion  count 

!  f'mocount) 

N/A 

u - - - - - 

N/A 

No 

Function 

Preprocessor 

Stack 

indexes 


N/A 


Function 
Power  Up 


fSl,  S2,  S3) 


5 


N/A 


N/A 
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TABLE  25.  Function  heart  rate  calculation  output. 


ITEM 


DESCRIP¬ 

TION 


UNITS  OF 
MEASURE 


FREQUENCY 
OF  DEPARTURE 


LEGALITY 

CHECK 


DESTINA¬ 

TION 
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TABLE  26.  Function  transmit  input. 


ITEM 

DESCRIPTION 

UNITS  OF 
MEASURE 

FREQUENCY 
OF  ARRIVAL 

LEGALITY 

CHECK 

SOURCE 

1 

Evaluation 

number 

(evnum) 

N/A 

N/A 

No 

Function 

Main  Monitor 

2 

Off  wrist 

signal 

(ad_offw) 

N/A 

N/A 

No 

F  unction 

A/D  Conversion 

3 

Heart  rate 
(hrate) 

Beats/Minute 

N/A 

No 

Function 

Main  Monitor  or 
Heart  Rate 
Calculation 

4 

Relative 

motion 

(mocount) 

N/A 

N/A 

No 

F  unction 

Main  Monitor 

5 

Battery 

voltage 

(ad-batt) 

N/A 

N/A 

No 

Function 

A/D  Conversion 

:  6 

General 

timer 

(dcount) 

Seconds 

N/A 

N/A 

Function 

Time  Keeping 

7 

Serial 

receiver 

status 

by*e 

(HllSCSR) 

N/A 

N/A 

N/A 

HWCI6 
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TABLE  27.  Function  transmit  output. 


ITEM  DESCRIP¬ 
TION 


1  Evaluation 
flag 

(evflag) 


UNITS  OF 
MEASURE 


Transmit 

packet 

tpakbuf) 


Transmit 

packet 

(H11SCDR) 


Transmit 
key  line 
(HI  IP  ORTA 

bit  4) 


OF  DEPARTURE 


N/A 


LEGALITY 

CHECK 

DESTINA¬ 

TION 

N/A 

b  unction 

Main 

Monitor 

N/A 

Function 

Get  Data 

Yes 

HWCI  6 

Yes 

j 

HWCI  6 

N/A 

HWCI  6 

2 
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TABLE  28.  Heart  rate  codes. 


HEART  RATE 

CODE 

MEANING 

0 

small  impedance  signal  and  no  body  motion 

-1 

processed  impedance  signal  less  than  5  seconds  long 

-2 

heart  rate  greater  than  240  bpm 

-3 

small  impedance  signal  and  body  motion 

-4 

spectrum  peak  less  than  350 

-5 

not  enough  beats  in  buffer  for  estimated 
heart  rate  to  be  valid 
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TABLE  29.  Acronym  summary. 


ACRONYM 

MEANING 

CSS 

Request  for  soldier  status 

DRT 

Digital  RF  transceiver 

DRTA 

CSCI  1  to  DRT  interface 

DRTB 

DRT  to  CSCI  1  interface 

DRTC 

CSCI  1  to  DRT  interface 

HHM 

Hand  held  monitor 

PMC 

Personal  monitor  communicator 

PPA 

PMC  positive  acknowledge 

PRC 

Proximity  receiver 

PRCA 

PRC  to  CSCI  1  interface 

PSS 

PMC  soldier  status 

RTC 

Real  time  clock 

RTCA 

RTC  to  CSCI  1  interface 

VRF 

Voltage  Reference 

VRFA 

VRF  to  CSCI  1  interface 

wzc 

Wrist  impedance  circuit 

WZCA 

WZC  to  CSCI  1  interface 

WZCB 

WZC  to  CSCI  1  interface 

WZCC 

CSCI  1  to  WZC  interface 
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APPENDIX  I. 

10.  PMC  HEART  RATE  PROCESSING  TEST 


10.1  Test  Data.  Two  databases  of  impedance  signals  were  generated  from  a  single 
PMC  to  test  the  PMC  heart  rate  processing.  The  impedance  signals  were 
obtained  from  11  people  as  they  rested,  stood,  walked,  and  jogged.  The 
impedance  signals  were  recorded  on  magnetic  tape  and  then  transferred  to  a  com¬ 
puter  via  A/D  conversion.  A  total  of  approximately  10000  seconds  of  impedance 
signals  were  stored  in  the  databases. 

10.2  Overview  of  Test.  The  databases  were  plotted  at  ten  second  intervals.  The 
heart  rate  was  calculated  by  hand  from  all  impedance  signal  plots  which  were  not 
off-scale  or  noisy.  Next,  the  heart  rate  was  calculated  from  the  digitized 
impedance  signals  using  the  heart  rate  processing  software.  Again  the  signals 
which  were  off-scale  (due  to  too  much  motion)  or  noisy  were  disregarded. 

1C.3  General  Test  Results.  A  plot  of  software  calculated  heart  rate  (PMC  calcu¬ 
lated  heart  rate)  versus  hand  calculated  heart  rate  wa3  obtained  for  each  data¬ 
base.  A  correlation  coefficient  and  a  histogram  of  each  absolute  heart  rate  error 
were  calculated.  See  Figures  8  thru  11.  Based  on  the  results,  minor  changes  in 
the  software  were  made  to  improve  the  heart  rate  estimation. 
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APPENDIX  II. 


20.  PMC  SOURCE  CODE 


/*  PMC  program  */ 

j*  written  by  Jim  Jones,  Bob  Miller  and  Umesh  Patel  */ 

/*  Purdue  University  *  j 

/*  1986-1989  */' 

#define  PMCID  13  /*  must  be  unique  for  each  PMC  */ 

I*  #define  BENCH  */ 

#include  <stdio.h> 

#include  <hllreg.h> 

^include  <bmec.h> 

^include  <string.h> 

#define  PBUFSIZE  8  j*  number  of  packet  buffers  */ 

^define  PMASX  0x07 

#d*fine  EVALTP4E  80  /*  Number  of  seconds  to  stay  awake  after  evaluation  */ 

#define  SLEEPYTIME  10  /*  Number  of  seconds  to  stay  awake  after  packet  */ 

#define  MAXSAMPS  250  /*  Number  of  a/d  samples  to  take  */ 

char  clk50;  /*  50  HZ  counter  */ 

char  ‘pakptr;  /*  packet  buffer  pointer  */ 

char  tpakbuf[200j;  /*  transmit  packet  buffer  */ 

char  pkmessj200j;  /*  intermediate  packet  buffer  */ 

char  pkbuf[PBUFSIZE-+-2|[50j;  /*  receive  packet  buffer  */ 
int  pin, pout;  /*  pkbuf  input  index  */ 

int  evnum.evflag;  /*  pkbuf  output  index  */ 

int  daemonflag;  /*  Sag  '  ;nsure  one  invocation  of  dopacket  */ 

int  rstate;  /*  current  state  of  packet  -onatruction  fsm  */ 

int  chksum.rchksum;  /*  packet  checksums  */ 

int  dcount.dsec;  /*  general  purpose  timers  */ 

char  line[80j,col*tr[80);  /*  character  buffers  */ 

int  ad_offw;  /*  a/d  value  from  off  wrist  circuit  ' / 

int  aJ_batt;  /*  a/d  value  from  voltage  reference  */ 

int  pcount;  /*  packet  construction  timer  */ 

int  delay;  /*  used  in  signal  processing  */ 

int  mocount;  /*  motion  counter  *  j 

int  hrate;  /*  calculated  heart  rate  */ 
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int  val;  /*  average  value  * / 

int  level;  /*  stores  various  levels  in  signal  processing  */ 

int  _hrate,_mocount;  /*  heart  rate  calculated  in  signal  processing  */ 

int  batt,offw;  /*  stores  voltage  reference  and  off  wrist  values  *  j 

int  adflag;  /*  flag  that  show  that  a/d  conversion  is  on  */ 

int  adnow;  /*  flag  that  shows  that  a/d  values  are  being  saved  *  j 

int  pbuf[MAXSA\fPSj;  /*  buffer  of  wrist  impedance  values  */ 

int  npbuf;  /*  number  of  points  in  pbuf  * / 

int  adnext;  /*  flag  that  signals  the  next  a/d  value  is  ready  */ 

int  seglen;  /*  data  segment  length  */ 

int  reqpss;  /*  flag  that  records  a  request  for  a  PSS  packer  */ 

int  didtrans;  /*  flag  that  records  a  radio  transmission  */ 

long  int  idata(258j;  /*  buffers  for  fft  */ 
long  int  rdata{256j; 

long  int  spec[3][45j;  /*  buffers  for  storing  spectra  results  */ 
int  slrS?^, eountgood;  /*  counters  for  periodogram  */ 
int  adval;  /*  current  a/d  value  * / 

char  proxflag;  /*  shows  proximity  interrupt  has  occured  */ 

char  stompflag;  j*  shows  radio  transmitted  during  a/d  conv  */ 

/*  function  declarations  */ 

void  int_setup(); 
void  dopacket(); 

_ mod2 void  OClINT(); 

— mod 2 void  INTINTO; 

_ mod2 void  SCIINT(); 

main(){ 

int  done(); 

/*  turn  off  transmitter  */ 
key(O); 

/*  initialise  varaibles  */ 

pin  =*  pout  =  0; 
daemonflag  —  0; 
evflag  =»  0; 
proxflag  —  0; 
stompflag  *•  0; 
si  **  s2  *  *3  »  0; 
reqpss  *»  0; 
adnow  am  0; 
pkc!ear(); 

/*  set  up  interrupts  */ 
int_*etup{); 
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/*  set  up  serial  port 

tty_setup(); 

dsec  =  EVALTIME; 

/*  turn  on  a/d  converter  */ 
adon(); 

stop_enabie(); 

j*  main  monitor  loop  */ 
while(l){ 

#ifdef  BENCH 

evflag  =  1; 

#endif 

/*  has  there  been  a  recent  request  for  status  ?  */ 
if(evflag){ 

/*  get  10  seconds  of  wrist  impedance  data  */ 

getdata(); 

if(reqpss){ 

/*  send  most  recent  status  */ 
dopss(); 

asm("  SET'); 

reqpss  =  0; 
asm("  CLI"); 

} 

#ifdef  BENCH 

dispbufQ; 

#endif 

j*  analyse  wrist  impedance  data  for  heart  rate  etc.  */ 

getrateQ; 

asm("  SEP); 

hrate  =  _hrate; 
mocount  =  _mocount; 

•rnum++; 

aimC  CLI'); 

evflag  =  0; 

#ifdef  BENCH 

dispbuff); 

#endif 

) 


/*  if  there  have  been  no  recent  status  request*  */ 
/*  power  down  radio  and  go  to  sleep  */ 
if  (dsec  =«  =»  0){ 
adotf(); 
rdofff); 
evflag  =r  0; 
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aamf  CLF); 

H11SCCR2  =r  0; 

/*  note:  sleep  instruction  has  been  loaded  at  0  */ 
ifadef  3E.NCH 

asm("  JSR  0''); 

endif 

*  wake  up  V 
dsec  =  EVALTIME; 
adon()j 

\ 

} 

*  load  sleep  instruction  at  0  and  enable  sleep  mode  */ 
.op_enabie(){ 
char  *pl; 
pi  =  (char  *)  0; 

*pl  —  Oxcf; 


pi — ; 
*pl  = 

0x39; 

aam(" 

SEF); 

aam(" 

TP  A"); 

asm)" 

AXD  A  «{7F'); 

asm(~ 

TAP"}; 

aam(* 

CLr); 

*  turn  on  the  a/d  converter  */ 

lon(){ 

HllOPTION  |*»  0x#0;  ,  *  power  up  a  d  */ 

HllPORTA  j“  0x10;  /•  power  up  wrist*  circuit  */ 

adllaf  *■>  l; 

} 

*  turn  off  the  a/d  converter  *, 

lofff ){ 

HllOPTION  It-™  0x7F;  /*  power  down  a  d  * ! 
HllPORTA  lt*»  Ox£F;  /*  power  up  wrists  circuit  */ 
adSaj  -w  0; 

1 

*  turn  off  power  to  the  radio  * ! 

lofff}{ 

HllPORTA  [-  0x20; 


turn  oa  power  to  the  radio  */ 

>n(}{ 

key'O): 

Hi  1  PORTA  &=  Oxdf; 

l 

input  ;0  *ecnn  is  of  data  from  the  a  <j  converter  * 
data! } 
ad  now  —  1; 
do  < 

asm  C  SEP; 

didtrans  =  0; 
asm("  CLI"}; 

for(npbuf=0,adnext=0;npbuf  <  MAX3AMPS;  npbuf--*-){ 
l/(didtrans  =====  lSpbuf  —  VL-VXSAMPS; 
while(adaext=  =0); 
pbof'npbuf  =  adval; 
adnext  =  0; 

iwhilef  didtrans  =====  1); 
adnow  =  0; 

} 

def  BE  NTH 

jutpat  pbaf  to  the  d  a  vonxerter,  bench  w  only  * 

>.j; 

‘or (j  =<=  0;  j<*  1000;  j  »-* ){ 
kexlOl; 
k*yU'; 

forties  0;  i  nobuf; 

DAC  **  p  b  a  fi  ♦  US, 

» 

/ 

} 


i  d  if 

ranstnit  PPa  packet  * 
p»0< 

laildpakftpakbaf.'PPA  ), 
•  ndpakitpakbaf); 


taili  a  par  ket  for  transmission  * 

dp*k|tjVbar 

»rrpy(tE‘A"), 

toafPMf  D.H2); 

trratlt. 


*  4 
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streat(t,s); 

} 

*  find  the  end  of  a  siring  */ 
bar  *strend(s)  char  *s;{ 
while(*s)s-^— ; 
retura(s); 


*  encode  and  transmit  a  PSS  packet  */ 
opss(){ 

er2ag  =  1; 
dsec  =  EVALTIME; 
aamj*  SE1“); 

offw  sa  ad_offw; 
batt  =  ad-batt; 

aimf  ciry, 

strcpy(pkmesa,'PSS 

pknamlevnum); 

pknumioffw); 

pknum(hrate); 

pknum(  mocoun  t ); 

pknum(batt); 

baildpakitpaabaf.pkmew); 

sendpak(tpakbof); 

didtraas=l; 

} 

% 

*  encode  a  numbr'  and  add  it  to  the 
end  of  the  packet  under  construction  */ 
cnam(n)  int  t;f 

i  to  a{  a  ren  d  ( p  k  mete ) ); 
streatfpkmeen,' 

) 


'  output  a  packet  to  the  radio  transmitter  */ 
ndpakipk)  rhar  *pk  •( 

int  i; 

cher  *p,hto<l); 
p  a>  pk; 

forfi  *  0;  *p;  p+  +  )i  «*  i  *  *p; 

»  fc*  Otrf; 

*p  -»  hloc(i  >,»  4); 

p*a; 

*p  «•  htoe(i  k  0xf)i 

p  +  *j 

*p  *0; 


key(l  I" 

dcount  —  10: 
while(dcount  j; 

?  =  p  k;.); 

pkpi'tc(’ 
pkp  .tc[’ZC); 
while(*p){ 
pkputc(*p); 
P++; 

} 

pkpuUf  ’); 
pkputc(’  ’), 
k*7(0); 


*  output  a  character  to  the  radio  tranemitter 
pkputc(e)  '•har  e;{ 

whiie((H’ 1SCSR  St  OxHO)  =====  0); 
HllSCDR  -=  c; 


/*  get  a  character  from  the  radio  receieer  */ 

pkgetc(){ 

while((HllSCSR  &  0x20)  ===  0); 
reiurniHl  1SCI>R); 


/‘  dear  the  input  packet  buffer  */ 

pltcleari)! 

pakptr  pkbuf  pn,; 
rhkenrn  0; 
relate  ■**  0: 

) 

/*  tereice  the  pfnairni.y  receiver  nterrupt  * 

,  mod2  ...  *oid  !NTINT!){ 

ifl'proaffag)! 
protflig  —  1 1 

•torr.  (.flag  I ; 

un|  CLI"); 

M11SCCH2  -  0Tt2<"; 

fdor»(  1. 


/*  send  PPA  p*cket  */ 
doppaQ; 
evflag  =  1; 
didtrans  =  1; 
asm(”  SEP); 

proxfiag  =  0; 
asmj '  CLI”); 

} 

*  key  the  radio  transmitter  */ 

ey(i)  int  i;{ 

if(i  ==  0)HllPORTA  |=  0x08; 
else  H11PORTA  &=  0xF7; 

} 

*  service  the  serial  interface  receive  interrupt  */ 

*  SCIINT  is  entered  when  a  character  is  received  */ 
-mod  2 void  SCIINT(){ 

int  c; 

char  *s; 
e  =  pkgetcf); 

/*  finite  state  machine  f of  packet  construction  */ 
switch(r*tate){ 

cate  0: 

/•  look  for  packet  start  character  *  •/ 

iit«  —  ’*’){ 

*pakptr-*-f  »  c; 
chkso^.  =  c; 
mate  **  1; 

} 

break; 
case  1: 

/*  look  for  second  start  character  A  */ 

if(c  *■*  ’*’)break; 

,ffc  --  ’A’){ 

•pakptre--*-  «  c; 
diktats  *<•  c; 
mate  »  2; 
pcount  »«  SO; 

} 

else  pkclearf); 
hr*ak; 
case  2: 

if(c  ’*’){ 

pkclea/{); 

*pakp'.f+*  =»  e; 
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chksum  =  c; 
rstate  =  1; 

} 

/*  look  for  packet  end  charaowrs  */' 
else  if((c  ==  ’0)  \  |  (c  =====  ’ 

•pakptr  =  0; 
s  =  pakptr; 

rchksum  =  xtoi(s); 
chksum  -=  *s+~; 
chksum  -=  *s; 
chksum  &=  Oxff; 
if(chksum  ==  rchksum){ 
pin  =  (pin  +  1)  &  PMASK; 
pkclearQ; 

if(daemonflag  —  =  0){ 
dopacket(); 

} 

i 

else; 

pkclearf); 
asm("  CLI"); 

) 

\ 

/*  add  a  character  to  the  packet  ' j 
elae  { 

( p*-Jt ptr  >=*  Apkbarpin;  49j)  j|  (p^ount  =  =»  0))pkc!ear(); 

eUe{ 

•pakptr-*--*  a  c; 
chksum  +  =*  c; 

} 

} 

break; 

) 

} 

/*  proeeas  input  packet  */ 
void  dopacket{)( 
char  *»,nam  l0|; 
int  ndigit.id; 
t«m("  SF.r); 
daemonflag  ««  1; 
whilefpin  pout )( 
a»m("  CLI''); 

/*  proceta  pkb«rpoutj  */ 

»  *»  pkbuf^poutj; 
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for(ndigit=0;  isdigit(s(ndigitj)&&  ndigit  <  9;  ndigit++)num[ndigit)=s[ndigit]; 
num[ndigit]  ==  ’ 
id  =  atoi(num); 

if(id  ==  PMCED  |  j  id  =====  0){ 

»  =  *■»■  ndigit  +  1; 
do  { 

stompflag  —  0; 

if(dsee  <  SLEEPYTIME)dsec  =  SLEEPYTIME; 

/*  recognise  request  for  status  */ 
if(strncmp(s,"CSS",3)  =*=  0){ 

if(!adnow  1 1  (s[4j  —  =  T))dopss(); 
else  reqpss  =  1; 

} 

}while(stompfiag); 

} 

asmf  SEP); 

pout  =  (pout  t  l )  &  PMASK; 

} 

daemonfUg  =  0; 
asmf  CLP); 

> 

/*  service  OCl  (real  time  clock)  interrupt  */ 

_ tood2 _ void  OClINT(){ 

HllTFLGl  »  0x80; 

HllTOCl  +«=  0x9c40; 

EllCGPRST  »»  0x55; 

HHCOPRST  =  Oxaa; 

elk  50-i-*; 

/*  activate  a/d  conversion  on  odd  clo'k  tics  */ 

iffadflag  k&  (elk  SO  Sc  1)){ 

HllADCTL  -  0x10; 
whik(HllADCTL  &  0x80  —  ««  0); 
adval  =*  (int)HllADRl  -  128: 

#ifdef  BENCH 

/*  DAC  -  HllADRl  ;  •/ 

#*ndi/ 

adnext  «■  1; 
ad.offw  -  H11ADR2; 
ad.batt  -  HllADRl; 

) 

if(elk5Q  >v-  J0){ 
clkJO  »  0; 
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Lf(ds«c)<Js«c — ; 

} 

if(dcount)dcount~ ; 
if(pcount)pcount— ; 

\ 

! 

/*  service  COP  interrupt  */ 
— mod 2 —  void  COPINT(){ 
«m("  JMP  ICOOO'); 

} 


/*  set  op  interropt  service  routine*  */ 

void  int_setup(){ 

— mod 2 _ void  OClINTQ; 

— mod 2 —  void  INTINTf); 

— mod2 —  void  COPINT(); 

— mod 2 —  void  SCDNTO; 
void  VECTOR!); 
dcoont  =  0; 
pcount  =  0; 

VECTOR(OClINT,9); 

VECTOR(INTINT,14); 

VEC70R(C0PINT,17); 

VECTOR(COPINT,18); 

VECTOR(SCIINT,0); 

HllTOCl  =*  0; 

HllTMSKl  |-  0x80; 

> 


/*  set  up  serial  interface  */ 
'.ty_se»op(){ 
ehksam  =  0; 
rchkium  =  0; 
rstete  ■=  0; 

HllSCCRl  *  0; 
HUSCCR2  »  0x2C; 

Mil  BAL'D  =*  0x35; 
HllDDRD  =*  2; 
HllPORTD  *  0; 


i  include  "hex.;" 
^include  SlUre" 
f  include  "sijproc.c" 
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*  hex.c  program  */ 

*  convert  hex  ascii  string  to  Integer  */ 

:voi(s)char  *s;{ 

int  i; 

i=ctoh(siOj); 
i  =(i<<4)  j  ctoh(si'lj); 
return(i); 


*  convert  hex  ascii  digit  to  integer  *  j 

toh(cl) 

nt  cl; 

if(cl>9«)cl=cl-32; 

cl=cl-48; 

if{cl>9)cl=cl-7; 

retnrn(cl); 


'*  convert  integer  to  hex  ascii  character  */ 
har  htoc(i)  int  i;{ 
char  h; 
h  =  i  +  ’O’; 
if{h  >  '9’)h  +=  7; 
retnrn(h); 

} 
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/*  filter.c  program  */ 

j*  find  the  median  value  in  a  buffer  */ 
median(buf,  n)  int  *buf;  int  n;  { 
ini  i,  j,  m,  tmp; 

m  =  n  /  2; 

for(j  =  n;  j  >  m;  j-){ 

for(i  —  C;  i  <  j  -  1;  i++){ 
if(buf|ij  >  buffi  +  l]){ 
tmp  =  buf'i]; 
bufjij  =  buffi  +  1); 
buf(i+l]  =  tmp; 

} 

} 

} 

return(buf|m]); 

} 

/*  0.5  HZ  high  paM  filter  */ 

#define  HPWIDTH  10 

WO  ( 

int  ij.sum; 


for(i-=0;  i  <npbuf  •  HPWIDTH;  i-*-+){ 

■am  0; 

for(j=0;  j<HPWIDTH;  j++)  »um  +=»  pbufti+jj; 
pbutt]  »m  /  HPWIDTH; 

} 

d«ajr  =»  delay  +  HPWIDTH; 
npbuf  — i  HPWIDTH; 


/*  4.0  HZ  low  paaa  filter  (FIR)  */ 

ipf()( 

static  inte[2$]  *  {0,0, 0.0, 2, 2,-1, -10.-12, 4.37, 78, 94, 

7(1,37,4,  -12,  -10, -1,2, 2, 0,0, 0,0); 

int  i,j4am; 

for(i«-13;  l  <(npbuf  •  12);  i++)( 

•urn  *■  0; 

for(j  «“  0;  ]  s  25;  j-*-+)  turn  =»  mm  *  (pbuTi-n-jj  *  e'jj); 
pbufi-Uj  «•  sum  >>*; 

) 

npbuf -**  25; 

1 
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/*  sigproc.c  program  */ 

#inelude  “sigproc.h" 

getrate(){ 

delay  =  0; 

_mocount  =  doseg(100,0,npbuf,mseg,&nmseg); 

CONSIDER  DATA  SEGMENTS  UNDER  5  SEC.  LONG  AS  MOTION  */ 
/*  TRIM  AND  ZERO-OUT  MOTION  SEGMENTS  */ 

611(0); 

/*  FILTER  Data  -  FIND  AVERAGE  VALUE  */ 
ipf(); 

Hpff); 

ral  =  argvalQ; 

#ifdef  BENCH 

sprintffliae,  A»g»al 
/*  *endpak(line';*/ 
wendif 

/*  REPEAT  WITH  NEW  THRESHOLD  LEVEL  •/ 

Lf(val  <  1  ){ 

iff-moeoont  ==  0)-hrate  —  0; 
else  _brate  =»  -I; 

} 

eUe  { 

level  =  getlevel()  *  5; 
if(lerel  <  25)level  =  25; 
ifflevel  >75)Ievel  =  75; 

*hift(m**g,nm»eg); 

211(80); 

-tnocoont  =  .mocount  +  do«eg(]evel,0,npbuf,m»eg,<&ntn»eg); 

•egkn  =**  maxmaegf); 
if(»eglen  >  125){ 

eountgood  =■  itaek(l); 
trim(); 

S  HO); 

#ifdef  BENCH 

di*pb«f(); 

#rndif 

worrf); 

if(  Jirate  >  2<0)_hnte  -2; 

) 

el*e{ 

.Urate  »  -1; 


} 
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if(_hra.t«  <=  O)countgood  =  stack(O);  j*  reset  countgood  to  0  V 
if(._hrate  <=  Ojcountgooti  =  stack(O); 
if(_hrate  <=  O)countgood  =  stack(O); 

} 

getleve!(){  j*  find  median  value  of  signal  */ 
int  i,*b,j,n; 
b  =  (int  *)rdata; 
for(i=0;  i  <  nmseg;  i-t— ^-){ 
if(mseg[i].on){ 

n  =  mseg[ij.fin  -  mseg[ij.strt  +  1; 

for(j=0;  j<n;  j++)b[j]  =  abs(pbuf[j-^-msegdj...trti); 

return(median(b,nj); 

} 

} 

} 

jhift(ms,nm)struct  segment  mij];  int  nm;{ 
int  i; 

for(i=0;  i<nm;  i++){ 

ms[ijjtrt  =  (ms[ij.strt  -  delay)  >  0  ?  msiii.strt  -  delay  :  0; 
msd'.fin  =  (msiij.fin  -  delay)  >  0  ’  msiij.fin  -  delay  :  0; 

} 

) 

®*.xmseg(){  /*  calculate*  maximum  segment  length  */ 

int  i; 

for(i=0;  i  <  nm*eg;  i++) 

if(msegj!.on)return(ms«g[i].fin  -  msegjij.strt  *  1); 
return(O); 

} 

/*  fill  in  »\1  when  mseg^ij.oi  ™  0  (off-scale)  */ 

/*  trapesoidal  window  on-scale  segment  */ 

SU(val)  int  val;  ( 
int  i  j; 

for(i=0;i<  nmseg;i 

if  (msegjij.on  “=»  0)  for  (j*«raaegjij.etrt;j<  »«mseg^i|.fin;j  +  *)  pbuftjj  «■  val; 
else  pwindow(m*eg(i]jitrt,m»eg(i|.fiB*m**gji!  Jtrt+l); 

! 

) 

trim(){  /*  trim  ends  of  data  segments  */ 

int  i,j; 

for(i«wO;i<nmseg;i++){ 
if  (maegjiJ.on){ 
j  —  msegjlj.strt; 

iff p b«a ftj [  >  0)for(;j< ’■tnseg1ij.l5n  It t  pbuf'j;  >  0;j  +  ♦ )  pbufjj  «  0; 
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if(p  fjj  <  Q)for(;j<=mseg{il.fin  &&  pbuffj]  <  0;j-f+)  pbuffj]  =  0; 
mseguj.strt  ==  j; 
j  =  msegjj.fln; 

iff  pbuffj;  >  O)for(;j>mseg;ii.strt  &&  pbuffj]  >  0;j — )  pbuffj]  =  0; 
iffpb  'fjj  <  0)for(;j>mseg  ij.strt  &&  pbuffj]  <  0y— )  pbuffj]  =  0; 
mse.,  .  .an  —  j; 

} 

x 

j 

X 

i 

avgval(){  j*  return*  average  value  of  data  segment  */ 
int  i,sum; 

for(i=0,sum=G;i<npbuf;i4--T-) 
sum  =  sum  4-  abs(pbuf[»]); 
return(*um  /  npbuf); 

} 

/*  based  on  value  ▼  ,  determines  on  and  off  scale  segments  */ 
doseg(v,a,brs,n)  int  v,a,b;  struct  »  gment  s<j;  int  *n;{ 
int  i,on,nseg,J;ew; 
int  ntrans; 
ntrans  =  0; 
nseg  =  0; 

*n  =  0; 
sj*n]atrt  =  a; 

on  =  (pbufa]  <  v)&&(pbufjaj  >  -v); 
s(*nj.on  =*  on; 

*a  =  0; 
nseg  =*  1; 

for(i=a-el;  i  <  b;  !-*—*-){ 

nseg+-N 

new  am  (pfcufi!  <  T)&&(pburij  >  -▼); 
iffon  kk  'new){ 
ntran*+-e; 
ifjnseg  >  125){ 
s]*n'.fin  =»  i-1; 

{'*)**; 
sf'n  .slrt  -=  i; 
on  -m  new; 
si'ni.on  on; 
nseg  »•  1; 

) 

else  { 

on  m  new; 

»f*nj.on  on; 
if(*n  >  0){ 

if(sj*n  *l],on  ■>«  on){ 

C»H 
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nseg  =  nseg  +  s[*nj.fin  -  s[*n_i.strt  -t-  1; 

} 
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} 

} 

1 

if(new  &&  Ion) [ 
ntrans — 
s[*nj.Sn  =  i-1; 

(•«»)--; 
s[*nj.strt  =  i; 
on  =  new; 
s[*nj.OR  =  on; 
nseg  =  1; 


} 

s[*nj.fin  =  b-1; 

if(s[*ni.on  &&  nseg  <  125  &&  *n  >  0) 
if(s,'*n  -lj.on  =  =  0){ 

s;*nj.fin  =  b-1; 


(*»)—; 

return(ntrans); 

} 

window(s,n){  /'*  trapeioidal  window  used  on  dais  segment  */ 
int  i; 

for(i  — 0;  i<25;  i-t--f){ 

pbuf  i-Hi]  =*  (pbuf[i-*-sj*i  )/25; 
p  buf'n-i- 1  -*-■  i  =  (pbuf'n-i-l->-sj*i)/25; 

} 

} 

t(pr,pi,ai,n,sign)  /*  integer  FFT  */ 

>ng  int  *pr,*pi; 
it  m,n,*ign;( 

static  int  icosll|  «•  {0,-1024, 0,723,945, 1005, 1019, 1023, 1024,1024, 1024); 

static  int  isin[llj  —  {0,0,1024,723,392,200,100,50,28,12.6!; 

long  int  ur-n,d,uLn,wr_n,wLn,tr_n,tLn; 

long  int  pitmp.prtmp; 

int  i,j,k,i,n»2,nml,ip,!«l,l«; 

fiml=«-n-l; 

n»2»n>>l; 

j  «■  0; 

d  - 1024; 
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for  (i~0;  i<aml;  i-*~t-)  { 

fw*p(pr*i,pr-j); 

swap(pi-i.pi-j); 

} 

forfk=nv2;k<=j;j--j-k,k=k»l;; 


for  (1=1;  l<=*m;  1 — ), 

i«  =  1  <<  !; 

1*1  =  le>>l; 
ur_a  =  1024; 
ai__a  =  0; 

W7_a  =c  ieoc'il; 

■wi-a  =  l*in  )!  *  liga; 
for  (j  =  0;  j  <  1*1;  j+-){ 
for  (  i  =  j; »  <  a;  i  ♦«=  !«  )/ 

ip  =  >  *  I«1  ; 

*.r_n  =*  pr  ip  *  ur_a  -  pi  ip  *  oi_a; 
ti_a  —  pi  ip  *  «r*a  pr  ip  •  ui_a; 
prtajp  =  prf  <<  10; 

pitmp  --3  pi  Y  <<  10; 

pr  ip  =  (prtmp-tr_a}>>10; 
pi  ip  »  f  pitta  p-ti_a)>>  10; 
pr  i  *  (prt«»p-tr_»)>>10; 
pi  i  =•  (piuop-*tLa)>>10; 

t 

f 

it. a  «*  ar.a; 

'ir-a  **  {ar.a*wr-»  -  uLa*wLa)>>10: 
uL.a  *  'tr.a*wua  *  ai_a*wr_a)> „» 10; 

/ 

1 

/ 

if  l*i<M  <  =  0)  r«tarn; 

f or  (i*«0;  i< a,  i •*•  ») 

pf  t  ■«"  pr  t  ■  m; 

P‘  i  ~  p,  ,  na. 

«^»P  ’*.pr)  U>»f  .at  ‘pi/pjr;; 

mt  Utsp; 

t*mp  *r  *p*; 

*p*  -»  *pp; 

*?T  —  Ump; 
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>rri)  {  /*  calculate  ijxctrum  of  signal  */ 

Bt  »,p,iJO; 

ong  int  *ppr(*ppi,njaaO,tr,ti,a,b; 

'def  BENCH 

Dag  trifact; 

ad  if 


Df;'.  —  0;H.  npb -f;. — }  rdata  i  =  pbu:’  i  ; 
Drii=npbuf;i<256;i~-e)  rdata  i  =  0; 
ir.i  — 0;i<'256 .data  j;  =  0; 

pr  —  rdata; 
pi  =  .data; 

=*  *; 

=  256; 

t.ppr.ppi.p.a.-l); 
pbuf  =  128; 

~  128; 

>ri ~  0;i<  n;i- *  *  raicuiat«  tpertrnra  * 

;r  =  rdata  i  ; 
ti  —  idata  t  ; 

rdata  i  =  (tr*tr  *  ti  *  ti  1  sp  <f; 
idata  i’  m  0; 
i 

ndipetf);  *  Update  and  load  arw  data  into  */ 

z  *  »tcrag*  array*  for  pvriodogri^n  averaging  *  ' 

io  perKxioe  am  averaging  * 

if  feountgood  •' -»  ! )( 

i 

»!**  if  fcoontgood  »  2)( 

f'-rj i  —  0;  I-  4V  i  *■  ♦  )( 

rdata  i  «*  (rdata  i  ♦ipvr  1  i  )  *  *  i; 

i 

i 

•  la*  if  ('oontg'-r  d  -  —  1  / 
for'i-O;  )•  4V  i  •  •  ){ 

rdata  i  —  |*p*<  I  i  *«p»e  2  ■  •  rdata  i  )  1, 

i 

nd  «(  periodogram  averaging  • 

»d  fr»<ji»*ney  t.  b#f*  peak  .1  «p*rtram  orrer*  * 
mit  avarrh  ’o  JO  to  140  bpm  */ 
a*0  -•  0; 

-  0; 
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forfi—  5;  i< 42;  i ■+■-*-){ 

Lfrdata :i-l)  <  rdata’i]  <fe&  rdata  ij  >=  rdaU'i-i-l]  kk  rdata  ii  >  maxO){ 
maxO  =  rdaU.ii; 

JO  —  i; 


*  cakulate  heart  rate  baaed  oa  that  frequency  */ 
a  =  rdata  jOj  —  rdata'jO-lj  -t-  rdata  jO-l’; 

b  ==  (long)rdata  jO;*jO  •+•  (loag)rdatA}0-l  *  (j(M)  -t-  (long)rdata  jO-rlj  * 
b  ==  (b  *  10)  /  a; 

.irate  =  (b  *  7S)  /  128; 

iffmaxO  <  3SC)Jwate  a  -4;  /*  -4  means  spectrum  i»  too  small  */ 

/*  a  check  to  omit  low  heart  rate  answers  for  short  data  segments  */ 
if({_ irate  <  49  kk  teglea  <  187)  j  j  {.irate  <  43  kk  seglea  <  132) 
i  j  (-irate  <  37  kk  seglea  <  210))_hrate  «* 

?ifdef  BENCH 

i  =  maxO; 

sprintffline.'maxO  ?cd*,i); 

/‘sendpaiUiae);*/ 

/endif 

i  ifdef  BENCH 
mfaet  =*  marO  /  128; 
for(i«=0;i<a;i*-*-)  { 

pbaf  i  =  rdatai’  /  mfaet  -  100; 
iFpbuf  i;  <  0)pb«rr  »»  0: 

) 

*endif 

i 

■>adspee(;{  /  *  updating  saved  speetruma  */ 

iat  i; 

for  (i=*-0;  i«'"4S,  )-»■-»)( 

;  i'  «  tp*<  1  i  ; 
tp»r  |  i  ■**  tp*'  0  1  , 

tp*<-  0  t  w»  raats  i  , 

/ 

i 

tark(i)  iat  i;f  *  .ounter  routine  to  update  */ 

.at  saw.  ,  *  aawber  of  good  data  aegwente  */ 
si  w»  sj; 
s2  t3, 
sj  «*  i; 

saw  «*  si  ♦  s2  *  s3; 
rstura  saw: 
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1.  SCOPE 

1.1  Identification.  TV"  Software  Requirements  Specification  establishes  the  require¬ 
ments  for  the  CSCI  identified  as  Hand  Held  Monitor  Software,  HHM-CSCI.2,  of  the 
Personal  Monitor  and  Communicator,  PMC-SYS.l,  System. 

1.2  Purpose.  The  Personal  Monitor  and  Communicator  System  provides  a  means  of 
remotely  monitoring  the  heart  rate  and  body  motion  of  a  soldier.  The  HHM-CSCI.2 
drives  the  hand  held  monitor.  This  unit  consists  of  a  2-way  radio  link,  a  microproces¬ 
sor,  and  a  LCD  display.  After  receiving  a  digital  signal,  the  software  processes  the  infor¬ 
mation  and  displays  the  computed  heart  rate  of  the  monitored  soldier. 

1.3  Introduction.  This  document  provides  detailed  and  complete  specifications  of  the 
software  developed  to  drive  the  hand  held  monitor  unit  of  the  Personal  Monitor  and 
Communicator  System. 


2.  APPLICABLE  DOCUMENTS 

2.1  Government  Documents.  The  following  documents  of  the  exact  issue  shown  form  a 
part  of  this  specification  to  the  extent  specified  herein.  In  the  event  of  conflict  between 
the  documents  referenced  herein  and  the  contents  of  this  specification,  the  contents  of 
this  specification  shall  be  considered  a  superseding  requirement. 


SPECIFICATIONS 

Military 

MIL-S-83490  Specifications,  Types  and  Forms 


STANDARDS 

Military 

DOD-STD-2167  Defense  System  Software  Development 
MIL-STD-483A  Configuration  Management  Practices  For 

Systems,  Equipment,  Munitions,  and  Computer 
Programs 

MIL-STD-490A  Specifications  Practices 


2,2  Son-Government  Documents.  The  following  documents  of  the  exact  issue  shown 
form  a  part  of  this  specification  to  the  extent  specified  herein.  In  the  event  of  conflict 
between  the  document*  referenced  herein  and  the  contents  of  this  specification,  the  con¬ 
tents  of  this  specification  shall  be  considered  a  superseding  requirement. 
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OTHER  PUBLICATIONS 

Oppenheim,  A.V.,  Schafer,  R.W. 

Digital  Signal  Processing 

Prentice-Hall, Inc.,  Englewood  Cliffs,  NJ,  1975 


Kernighan,  B.W.,  Ritchie,  D.M. 

The  C  Programming  Language 
Prentice-Hall, Inc.,  Englewood  Cliffs,  NJ,  1978 

Introl  C  MS-DOS  Host  Guide  Version  1.0 
Introl  Corporation,  Milwaukee,  Wi,  1987 

Motorola  Semiconductor  Technical  Data 
Advance  Information  for  the  MC68HC11A8 
HCMOS  Singte-Chip  Microcomputer 
Order  number  MC68HClL\8/D 

Programmer’s  Reference  Manual 

M68HC11  HCMOS  Single-Chip  Microcomputer 

Order  number  M68HC11PM/AD 


3.  REQUIREMENTS 

3.1  Programming  Requirements. 

3.1.1  Programming  Languages.  Two  programming  languages  are  implemented  for  this 
CSCI.  The  languages  are  C  and  Motorola  68HC11  assembler. 

3.1.2  Compiler/ Assembler.  The  C  compiler  is  written  by  Introl  Corporation  and  is  ver¬ 
sion  C-ll  of  the  Introl-C  Crosv  Compiler  Systems  series. 

3.1.3  Programming  Standards.  Structured  programming  techniques  are  followed. 

3.2  Design  Requirements. 

3.2.1  Sizing  and  Timing  Requirements.  The  CSCI  uses  all  of  the  memory  available  in 
the  RAM.  In  addition,  the  CSCI  uses  6810  bytes  of  PROM.  The  CSCI  processes 
incoming  data  at  a  rate  of  300  baud  (real  time  serial  communication). 

3.2.2  Design  Standards.  Development  of  this  CSCI  follows  the  design  standards  of  the 
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William  A.  Hillenbrand  Biomedical  Engineering  Center. 

3.2.3  Design  Constraints.  The  CSCI  is  limited  by  available  memory  and  the  implemen¬ 
tation  of  integer  math. 

3.3  Interface  Requirements. 

3.3.1  Interface  Relationships.  See  interface  block  diagram  (Figure  1). 

3.3.2  Interface  Identification  and  Documentation.  See  interface  identification  table 

(Table  1.) 

3.3.3  Detailed  Interface  Requirements. 

3.3.3. 1  CSCI-to-CSCI  Interface  Requirements.  This  section  is  not  applicable  to  this 

specification. 

3. 3. 3.2  CSCI-to-HWCI  or  Critical  Item  Requirements. 

3. 3. 3. 2.1  Voltage  Reference  Interface. 

a.  Signal  Direction.  See  interface  table  (Table  2). 

b.  Signal  Format.  The  signal  will  have  a  numerical  value  in  the  range  of  0  to 
255.  Signals  with  values  greater  than  or  equal  to  68  indicate  the  HHM  bat¬ 
teries  are  iow  (<  4.5  volts). 

c.  Memory  Buffer  And  Location.  This  section  is  not  applicable  to  this  interface. 

d.  Transfer  Protocol.  A  value  of  Ox  1 0  (Ox  indicates  the  number  to  follow  is  hexa¬ 
decimal)  is  sent  to  the  A,  D  control  register,  HllADCTL.  When  bit  7  of  the 
register  goes  high  (l)  register  H11.VDR3  is  read  to  determine  the  voltage  level 
of  the  HHM  batteries. 

e.  Initiation  Condition.  See  interface  table  (Table  2). 

f.  Priority  Level.  This  section  is  not  applicable  to  this  interface. 

g  Expected  Response  See  interface  table  (Table  2). 

3. 3. 3. 2. 2  Digital  RF  Transceiver  Interfaces. 

a.  Signal  Direction.  See  interface  table  (Table  2). 

b.  Signal  Format.  Toe  transmit  data  interface  (IF  DRTD)  s*;nds  one  message. 
The  format  of  this  message,  a  request  for  soldier  status  (CSS),  is  shown  in 
Table  3.  The  receive  data  interface  (IF  DRTIC)  is  capable  of  receiving  two 
messages.  The  formats  of  these  messages,  PMC  positive  acknowledge  (PPA) 
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and  PMC  soldier  status  (PSS),  are  given  in  Tables  4  and  5. 

c.  Memory  Buffer  And  Location.  The  memory  buffer  necessary  for  the  digital  RF 
transceiver  consists  of  one  200-byte  output  buffer,  "tpakbuf,"  and  one  50-byte 
input  buffer,  "pkbuf.” 

d.  Transfer  Protocol.  Serial  communication  is  used  in  both  the  transmit  and 
receive  data  protocols-  To  transmit  a  message,  the  serial  communication 
status  register,  HllSCSR,  is  polled  until  the  transmitter-ready  bit  goes  high 
(1).  The  character  to  be  transmitted  is  then  written  to  the  serial  communica¬ 
tion  data  register,  HllSCDR.  To  receive  a  message,  the  serial  communication 
receiver  interrupts  the  processor  when  a  character  is  received.  The  interrupt 
routine  implements  a  finite  state  machine  to  recognize  valid  packets. 

e.  Initiation  Condition.  Table  «  indicates  general  conditions  for  the  initiation  of 
all  three  signals  pertaining  to  the  digital  RF  transceiver  interface.  The  DRTD 
interface  can  send  one  message,  the  CSS  message.  The  digital  RF  transceiver 
will  broadcast  this  message  to  the  activated  PMC.  The  DRTE  interface 
receives  two  messages,  the  PPA  message  and  the  PSS  message.  The  PPA 
message  is  received  after  the  HHM  has  activated  a  selected  PMC.  This  mes¬ 
sage  verifies  the  selection  and  activation.  The  PSS  message  is  the  PMC’s 
response  to  a  prompt  from  the  HHM  for  information. 

f.  Priority  Level.  The  receive  data  and  the  transmit  data  sequentially  alternate 
having  the  highest  priority. 

g.  Expected  Retporue.  Table  2  shows  the  expected  responses  for  all  three  signals. 
The  receive  data  interface  (DRTiJ  IF)  is  the  only  interace  with  timing  restric¬ 
tions.  The  DRTE  interface  receives  and  processes  characters  only  when  a 
message  is  expected.  The  maximum  response  time  per  character  is  approxi¬ 
mately  1/30  second  which  is  the  time  necessary  for  character  transmission  at 
300  baud.  If  incoming  characters  are  not  responded  to  in  time,  then  the 
receive  character  buffer  will  be  overrun  causing  the  character  to  be  lost.  The 
message  will  need  to  be  retransmitted.  This  is  not  fatal  unless  characters  are 
lost  in  every  packet. 

3. 3. 3. 2. 3  Duplay  Interface. 

a.  Signal  Direction.  See  interface  table  (Table  2). 

b.  Signal  Format.  The  display  signal  is  based  on  digital  logic  levels. 

c.  Memory  Buffer  And  Location.  The  memory  buffer,  variable  "line,"  consists  of 
80  bytes.  The  message  strings  displayed  are  stored  in  PROM.  In  addition, 
the  registers  DISPLAY  ana  DIS^DAT  occupy  two  consecutive  memory  loca¬ 
tions. 
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d.  Transfer  Protocol.  Data  may  be  written  to  either  display  register,  DISPLAY 
or  DISPDAT  To  write  a  byte  of  data,  bit  7  of  the  register  DISPLAY  is  polled 
until  it  goes  high  (l).  Then  the  data  byte  may  be  written  to  either  register. 

e.  Inttiation  Condition.  The  interface  is  initiated  when  the  HHM  receives  an 
activate  signal,  either  PMC  message  (PPA  or  PSS),  or  a  low  battery  voltage 
message.  See  interface  table  (Table  2). 

f.  Priority  Level.  This  section  is  not  applicable  to  this  interface. 

g.  Expected  Response.  See  interface  table  (Tal  le  2). 

3.3. 3. 2.4  Activate  Switch  Interface. 

a.  Signal  Direction.  See  interface  table  (Table  2). 

b.  Signal  Format.  When  the  activate  switch  is  pressed,  a  digital  input  signal  is 
transmitted  to  bit  2  cf  Port  A  of  the  68HC1I. 

c.  Memory  Buffer  And  Location.  This  section  is  not  applicable  to  this  interface. 

d.  Transfer  Protocol.  The  digital  input  signal  from  the  activate  switch  is  polled 
50  times  a  second  by  an  interrupt  routine  driven  by  the  real  time  clock. 

e.  Initiation  Condition.  See  interface  table  (Table  2). 

f.  Priority  Level.  This  section  is  not  applicable  to  this  interface. 

g.  Expected  F'*ponse.  See  interface  table  (Table  2). 

3. 3. 3. 2. 5  Proximity  Transmitter  Interface. 

a.  Signal  Direction.  See  interface  table  (Table  2). 

b.  Signal  Format.  The  signal  sent  by  CSCI.2  to  the  proximity  transmitter  is  the 
digitized  output  from  bit  5  of  Port  A  of  ihe  68HC11. 

c.  Memory  Buffer  And  Location.  This  section  i3  not  applicable  to  this  interface. 

d.  Transfer  Protocol.  To  activate  the  proximity  transmitter,  bit  5  of  port  A  is 
set  to  high  (l)  by  CSCI.2. 

e.  Initiation  Condition.  See  interface  table  (Tab1,  2). 

f.  Priority  Level.  This  section  is  not  applicable  to  this  interface. 

g  Expected  Response.  See  interface  table  (Table  2). 

3. 3. 3. 2. 6  Real  Time  Clock  Interface. 

a.  Signal  Direction.  See  interface  table  (Table  2). 

b.  Signal  Format.  The  signal  is  an  interrupt  that  is  emitted  every  20  mil¬ 
liseconds. 

c.  Memory  Buffer  And  Location.  This  section  is  not  applicable  to  this  interface. 
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d.  Transfer  Protocol.  Th<s  section  is  not  applicable  to  this  interface. 

e  Initiation  Condition.  See  interface  table  (Table  2). 

f.  Priority  Level.  This  section  is  not  a; ;  icable  to  this  interface. 

g.  Expected  Response.  The  system’s  signal  causes  internal  interrupts  at  50  Hz. 
rh«  generated  interrupts  are  necessary  for  the  A/D  conversions,  the  battery 
vcitage  checks,  and  the  functions  which  use  elapsed  time  counters  and  count- 
dovn  timers.  See  interface  table  (Table  2). 

3.4  Detailed  Functional  and  Performance  Requirements. 

3.4.1  Power  Up  Initialization  Function. 

3. 4. 1.1  Inputs.  The  function  has  1  input  which  is  the  power  up  reset.  The  reset  serves 

as  a  hardware  and  software  initialization.  See  the  table  for  the  power  up  function  input 

(Table  6]  for  additional  information. 

3.4  1.2  Processing. 

a.  Intent.  This  function  initializes  the  6SHC11  microcomputer  hardware,  the 
interrupt  vectors,  and  the  program  variables. 

t>.  Parameters  Affected.  No  parameters  are  affected  by  this  function. 

c.  Sequence  and  Timing.  The  six  independent  initializations  in  this  function  are 

described  as  follows.  All  program  variables  are  assigned  values  of  zero.  The 
routine  “key’’  turns  off  the  key  line  to  the  transmitter  as  soon  as  possible  s»r.ce 
the  initial  hardware  power-up  causes  the  transmitter  to  be  keyed.  Routine 
“int-setup"  initializes  the  interrupt  vectors  for  the  interrupt  routines  OCUNT, 
IN'TINT,  and  COPINT.  The  routine  also  initializes  output  compare  1.  and 
enables  the  timer  interrupt.  Routine  "tty-setup"  has  a  three  foid  purpose. 
The  routine  sets  the  serial  interface  for  one  start  bit  and  eight  data  bits 
(Hll^CCRl  0),  enables  the  transmitter,  receiver,  and  receiver  interrupt 
(Hi  Pi!'  T  2C),  and  sets  the  baud  register  for  300  baud  (till RAl.'D 
0x35.  ■',»  routine  "adon"  turns  on  the  A/D  convertor.  The  LCD  display  is 

initialized  and  cleared  by  the  routine  "init-disp." 

d.  Error  Detection  and  Recovery.  This  function  contains  no  ^rror  detection  and 
rerovery  software. 

«.  Restrictions  or  Limitations.  No  restrictions  limitations  pertain  to  this  func¬ 
tion , 

f.  Allocation  of  ('SCI  Performance  Requirements.  See  furcliotz  block  diagram 
(Figure  2). 
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3.4. 1.3  Outputs.  The  function  has  14  initialled  outputs.  The  flag  "adflag"  is  ?et  to  1  to 
indicate  the  A/D  converter  is  enabled  and  the  flag  "aetflag"  is  set  to  0  to  show  that  no 
PMC  has  yet  been  activated.  The  initialiiing  subroutine  "pkclear"  clears  the  buffer  area 
necessary  for  packet  construction.  The  variables  "pin"  and  "pout"  are  input  and  output 
index  pointers  set  to  the  location  of  the  stored  packet  information.  The  user  is 
nformed  the  unit  is  attempting  to  activate  a  PMC  by  the  output  message  sent  to  the 
LCD  display.  The  other  S  outputs  are  hardware  oriented.  The  baud  rate  reg.ster. 
Hi  1  BAL'D,  is  set  for  a  rate  of  300  band.  The  port  D  direction  register.  HiiDDRD,  Is 
initialized  to  2.  The  A  D  converter,  via  the  HllOPTION  register,  is  powered  up.  The 
stey  line,  HllPORTA  (bit  4),  is  set  inactive.  Both  the  serial  interface  register, 
HllSCCRl.  and  the  output  compare  1  register,  HllTOCl,  are  cleared.  And  the  serial 
nterface  interrupt,  H11SCCR2.  and  the  output  compare  interrupt,  KllTMSKl,  are 
rnabied.  See  the  table  for  the  power  up  function  output  (Table  7)  for  additional  infor¬ 
mation. 

5.4.2  Main  Monitor  Function. 

5.4.21  Inputs.  The  function  nas  7  inputs.  The  variable  "advai"  contains  the  battery 
collage  reference.  The  va-iahle  "id"  stores  the  identification  code  of  the  PMC  with 
vhich  the  HHM  is  communicating.  The  register  status  indicates  whether  the  expected 
affirmation  packet  has  been  received.  The  two  counters  are  "dcount".  which  is  a  gen- 
■ral  cc  mW  and  "etime",  which  indicates  the  time  elapsed  between  KHM-PMC  tom- 
nunirations  The  flag  "aetflag"  shows  whether  the  PMC  has  been  activated.  The  struc- 
ur<*  (record)  apo  ’  contains  all  of  the  decoded  packet  information.  See  the  table  for 
he  main  monitor  function  input  (Table  4)  for  additional  information. 

5.1  2.2  Pr oees.itng 

a.  Intent.  This  function  monitors  the  activate  button  of  the  HHM  which  powers 
up  a  PMC  When  the  button  is  pressed,  the  main  mor:\>r  executes  the 
activation  sequence  for  the  PMC.  Once  the  PMC  is  activated,  the  main  moni¬ 
tor  requests  and  displays  the  PMC  st-'.j  every  1.1  .econds.  This  process  n 
terminated  when  another  ac‘  »iion  request  is  recrtv«d,  unrecoverable  com* 
m  miration  error-  ,,,  or  the  HHM  is  turned  off. 

h.  /'DMmr’o.  Affected.  No  parameters  are  affected  by  «hi*  functiin. 

c  sequence  and  fining.  The  function  is  a  continuous  loop  which  checks  the 
HHM  activate  button.  Pressing  the  button  activates  the  PMC  and  the  evalua¬ 
tion  sequence  is  begun.  The  sequence,  which  is  repeated  every  |  >  seconds, 
consists  of  requesting  PM*”  status  information  and  displaying  the  results  on 
the  HHM  bee  the  tti.un  n-onPor  flow  rhart  (Figure  J)  for  additional  detail 
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d.  Error  Detection  and  Recovery.  If  errors  are  detected  while  trying  to  activate 
the  PMC  or  attempting  to  receive  the  PMC  status  then  the  following  pro¬ 
cedure  is  performed.  The  attempt  is  retried  up  to  10  times.  The  time  delay 
between  retries  varies  as  the  delay  depends  on  the  retry  number.  If  after  10 

tries  the  communication  is  unsuccessful,  then  all  attempts  cease.  It  is  up  to 
the  user  to  try  again. 

e.  Restrictions  or  Limitations.  No  restrictions  or  limitations  pertain  to  this  func¬ 
tion. 

f.  Allocation  of  CSCI  Performance  Requirements.  See  function  block  diagram 

(Figure  2). 

3.4. 2. 3  Outputs.  The  function  has  8  outputs.  The  variable  "retries"  stores  the  number 
of  attempts  which  have  been  made  to  establish  a  communication  channel  between  the 
HHM  and  the  selected  PMC.  The  variable  "id"  contains  the  PMC’s  identification  code. 
The  two  counters  input  to  the  function,  "clime"  and  "dcount"  are  updated  and  passed 
on  to  the  time  keeping  function.  The  flag,  "actflag,"  shows  the  activation  status.  Mes¬ 
sages  are  transmitted  to  the  LCD  display  from  thi3  function  to  keep  the  user  informed 
of  the  communication  status.  See  the  table  for  the  main  monitor  function  output  (Table 
9 1  for  additional  information. 

3.4.0  Clock  Interrupt  Function. 

3.4.3. 1  Time  Keeping  Function. 

3.S.3.L1  Inputs.  The  function  has  4  inputs.  The  clock  interrupt  provides  for  accurate 
time  keening.  The  general  counter  ’dcount”  is  used  to  time  delays  while  the  counter 
'Vtime  ’  ;s  used  to  measure  elapsed  communication  time.  And  the  flag  "actflag"  indi¬ 
cates  if  a  PMC  has  been  activated.  See  the  table  for  the  time  keeping  function  input 
(Table  10)  for  additional  information. 

.'1  13.12  Processing 

a.  Intent.  The  function  provides  a  regular  interrupt  at  a  frequency  of  50  Hi  for 
various  time  keeping  functions. 

b.  Parameters  Affreiei.  The  output  compare  l  register  of  the  is  con¬ 

tinuously  updated  to  permit  an  interrupt  to  occur  every  20  milliseconds. 

e.  Sequence  and  Timing.  Initially,  the  first  timer  interrupt  flag  register  is  cleared 
by  wriHng  Ox  HO  to  the  HllTl  LGl  register.  Then  the  HllTOCl  register  is 
incremented  by  Ox 9c 40  to  create  an  interrupt  at  the  end  of  20  milliseconds. 
The  computer  operating  properly  timeout  interrupts  are  prevented  by  assign* 
mg  Hi*,  values  Ox  and  Ox  a  a  to  the  HllCOPHST  register.  The  counter 
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d. 


f. 


variable  ’"clkoO'"  is  incremented.  If  the  variable  reaches  a  value  of  50,  then  the 
counter  is  reset.  The  down  counter  "dcount"  is  decremented  by  one  if  the 
counter  has  a  value  greater  than  zero.  The  counter  variable  "etime"  is  incre¬ 
mented  at  one  second  intervals. 


Error  Detection  and  Recovery.  This  function  contains  no  error  detection  and 
recovery  software 


Restrictions  or  Limitations  >'o  -estrictions 
tion. 


Allocation  of  CSCI  Performance  Requirements.  See  function  block  diagram 
(Figure  2). 


3.4.3. 1.3  Outputs.  This  function  has  3  counters,  1  Sag  and  3  hardware  oriented  outputs. 
The  counters  are  "dcount,"  "pcount”  and  "etime"  which  are  the  two  general  counters 
and  the  eiapseo  time  counter,  respectively.  The  Sag  "actSag"  indicates  if  a  PMC  has 
been  activated.  The  register  HllTFLGl  clears  the  interrupt  Sag.  The  register 
HllTOCl  is  loaded  to  provide  an  interrupt  rate  of  50  H*  and  HllCOPRST  is  set  to 
reject  COP  timer  interrupts.  See  the  table  for  the  time  keeping  function  output  (Table 
11)  for  additional  information. 


3. 4. 3. 2  .4  D  Conversion  Function. 


3. 4  3. 2.1  Inputs.  The  function  has  3  inputs.  The  Sag  which  enables  the  A  D  conver¬ 
sions  is  "adffag."  The  A  D  conversion  status  byte  is  stored  in  the  register  HllADCTL. 

And  the  register  H1JADR3  contains  the  battery  voltage.  See  the  table  for  the  A/D 

conversion  function  input  (Table  12)  fo;  additional  information. 

3.4  3.2.2  Processing. 

a.  Intent.  This  function  performs  the  AT)  conversion  of  the  data  from  the  vol¬ 
tage  reference. 

b  /  ammeters  Affected.  No  parameters  are  a  fleered  by  this  function. 

c.  deque  nee  and  Timing  The  A  D  conversion  rate  is  50  ID.  The  conversion 

t»’g;ns  by  setting  the  Hi  I  UK'TI,  register  of  the  fixHClI  to  0x10  which  sets 
!  <  of  this  register  to  1.  A  eon  version  is  complete  when  bit  7  of  the  register 

goes  high  (I).  Following  the  conversion,  the  V  D  value  is  stored  in  the  vari¬ 
able  "adval." 

d.  Error  Drtection  and  Recovery.  This  function  contains  no  error  detection  and 
recovery  software. 

e.  Restrictions  nr  Limitations  No  restrictions  or  limitations  pertain  to  this  func¬ 
tion, 
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f.  Allocation  of  CSCI  Performance  Requirements.  See  function  block  diagram 
(Figure  2). 

3. 4. 3.2. 3  Outputs.  The  function  has  2  outputs.  The  variable  "adval"  contains  the  vol¬ 
tage  reference.  The  register  H11ADCTL  is  used  to  trigger  the  A/D  converter.  See  the 
table  for  the  A  D  conversion  function  output  (Table  13}  for  additional  information. 

3.4.4  Serial  Receive  Interrupt  Function. 

3.4.4. 1  Packet  Construct  Function. 

3.4.4. 1.1  Inputs.  The  function  has  7  inputs.  The  variables  "pin”  and  "pout"  are  input 
ind  output  index  pointers  used  in  storing  packet  information.  The  variable  "pcount"  is 
i  general  timer  used  for  delays.  The  initialling  subroutine  "pkclear”  clears  the  buffer 
irea  necessary  for  packet  construction.  The  serial  receiver  interrupt  indicates  the  signal 
eception  of  a  character  by  the  digital  RF  transceiver  (DRT).  The  register  HllSCSR 
tores  the  status  byte  from  the  serial  receiver.  And  the  register  HllSCDR  contains  the 
eceived  character.  See  the  table  for  the  packet  construction  function  input  (Table  14) 
or  additional  information. 

..4.4. 1 .2  Processing. 

a.  Intent.  This  function  accepts  input  characters  from  the  serial  interface  and 
attempts  to  construct  a  legal  packet  from  the  characters. 

b.  Parameters  Affected.  No  parameters  are  affected  by  this  function. 

i*.  Sequence  and  Timing.  Packet  construction  is  accomplished  by  a  finite  state 
machine.  Figure  4  shows  the  necessary  flow  with  the  variable  "rstate"  holding 
the  current  state  of  the  machine. 

d.  Error  Detection  and  Recovery.  An  error  routine  checks  the  validity  of  the 
transmitted  packet.  The  routine  sums  the  characters  in  the  packet  to  get  an  8 
bit  'beck  sum.  Then  the  last  two  characters  in  the  packet,  which  are  a  hex 
ASCII  representation  of  the  checksum,  are  decoded.  The  two  checksums  are 
compared  and  if  they  are  not  equal  then  an  error  occurred  during  packet 
transmission.  An  error  results  in  the  packet  being  discarded  and  a  new  ^atkei 
being  constructed. 

e.  Restrictions  or  Limitations.  No  restrictions  or  limitations  pertain  to  this  func¬ 
tion. 

f.  Allocation  of  CSCI  Performance  Requirements.  See  function  block  diagram 
(Figure  2). 

4.4. 1.3  Outputs.  Thi*  function  baa  5  outputs.  The  array  "pkbuf*  contains  packet 
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information.  The  flag  "status”  indicates  whether  the  packet  transmission  was  successful. 
The  variables  "pin"  and  "pout"  are  input  and  output  index  pointers  used  in  storing 
packet  information.  The  variable  "pkpt"  indicates  which  packet  is  to  be  processed.  See 
the  table  for  the  packet  construction  function  output  (Table  15)  for  additional  informa¬ 
tion. 

3. 4. 4. 2  Input  Packet  Processing  r  unction. 

3. 4. 4. 2.1  Inputs.  This  function  requires  4  inputs.  The  array  "pkbuf"  is  a  buffer  for 
packet  storage.  The  variables  "pin"  and  "pout"  are  input  and  output  index  pointers 
used  in  storing  packet  information.  The  variable  pkpt"  indicates  which  packet  is  to  be 
processed.  See  the  table  for  the  input  packet  processing  function  input  (Table  16)  for 
additional  information. 

3. 4. 4. 2. 2  Processing. 

a.  IniaJ.  This  function  decodes  valid  packets  to  determine  if  they  are  the  type 
expected. 

b.  Parameters  Affected.  No  parameters  are  affected  by  this  function. 

c.  Sequence  and  Timing.  The  packet  address  is  decoded  and  stored  in  the  struc¬ 
ture  (record)  "dpb."  A  check  is  mad  to  verify  the  packet  received  is  the  type 
expected.  Packet  decoding  continues  if  the  packet  is  of  type  PSS  and  the 
sequence  number,  off-wrist  flag,  heart  rate,  motion  flag  and  battery  voltage  are 
stored  in  "dpb." 

d.  E'ror  Detection  and  Recovery.  If  the  packet  received  is  not  the  correct  type 
or  has  the  wrong  address,  the  packet  is  ignored. 

e.  Restrictions  or  Limitations.  No  restrictions  or  limitations  pertain  to  this  func¬ 
tion. 

f.  Allocation  of  CSCI  Performance  Requirements.  See  function  block  diagram 
(Figure  2). 

3. 1.4. 2. 3  Outputs  This  function  has  only  1  output.  The  output  is  the  structure 
(record)  "dpb’  which  contains  all  o (  the  decoded  packet  information.  See  the  table  for 
the  input  packet  processing  function  output  (Table  17)  for  additional  information. 

3.4.5  Display  Function. 

3. 4.5.1  Inputs  The  function  has  3  inputs.  The  display  status  is  scored  in  the  regNtec 
DISPLAY.  The  message  to  be  displayed  ,»  located  in  the  array  "s."  And  "hneno"  is  the 
variable  indicating  the  line  number  of  th*»  display.  5*e  the  table  for  the  duplay  func¬ 
tion  input  (Table  14)  for  additions'  information. 
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3.4.5. 2  Processing. 

a.  Intent.  The  function  implements  the  LCD  panel  to  display  text  messages  for 
the  user. 

b.  Parameters  Affected.  No  parameters  are  affected  by  this  function. 

c.  Sequence  and  Timing.  Charat-.ers  comprising  the  message  are  sent  one  at  a 
time. 

d.  Error  Detection  ard  Recovery.  This  function  contains  ao  error  detection  and 
recovery  software. 

e.  Restriction.*  or  Limitations.  The  display  is  limited  to  2  line3  of  16  characters 
each. 

f.  Allocation  of  CSCI  Performance  Requirements.  See  function  block  diagram 

(Figure  2). 

1.4.5. 3  Outputs.  The  lunctiof  has  2  outputs.  The  register  DISPLAY  stores  the  display 
status  and  the  register  PISPDAT  contains  the  display  data.  See  the  tab'e  for  the 
iispiay  f  inction  output  (Table  19)  for  additional  information. 

{.4.5  Transnut  Function. 

!.4.8.1  inputs.  This  function  has  4  inputs.  The  variable  “dcount"  is  used  as  a  tmer  for 
unction  delays.  The  variable  “id"  contains  the  identification  code  of  the  selected  FMC. 
The  number  of  attempted  retries  is  recorded  in  the  variable  ”r.“  And  the  register 
IllSCSR  stores  tae  status  byte  from  the  serial  receiver.  See  the  table  for  the  transmit 

unction  inpu*  (Tabic  20)  for  addit.onai  information. 

.4.8.2  Processing. 

a-  Intent.  This  function  encodes  and  transmits  valid  packets  to  PMCs. 

b.  Parameters  Affected.  No  parameters  are  affected  by  this  function. 

c.  St',  it-  -'t  and  Timing.  The  sequence  necessary  to  build  and  transmit  a  valid 
packet  -  as  follows.  The  packet  characters  are  encoded  and  stored  in  the 
buffer  tpakbuf."  The  routine  “d«xss“  adds  the  packet  header  (*A),  the 
PMCID,  and  the  id  end  marker  (:)  to  the  existing  packet  characters.  The 
entire  string  is  stored  in  the  buffer  “tpakbuf.”  Then  the  routine  “sendpak”  cal¬ 
culates  and  encodes  the  packet’s  8  bit  checksum  which  is  added  to  the  packet 
along  with  a  line  feed  and  carriage  return.  Once  the  packet  is  built  the 
transmitter  is  keyed.  Following  a  period  of  200  msec  to  allow  the  PMC 
receiver  to  stabilise,  the  packet  is  sent.  The  transmit  key  line  is  then  turned 
off. 
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d.  Error  Detection  and  Recovery.  This  function  contains  no  error  detection  and 
recovery  software. 

e.  Restrictions  or  Limitations.  The  transmitter  must  be  keyed  for  200  msec 
before  data  are  sent  to  give  the  modem  in  the  receiver  the  time  necessary  to 
decode  valid  data. 

f.  Allocation  of  CSCI  Ptrformance  R  cqutrernents.  See  function  block  diagram 
(Figure  2). 

3.4. 6.3  Outputs.  This  function  has  3  outputs.  The  ar-ay  "tpakbuf  contains  processed 
information  to  be  displayed.  The  register  HllSCDR  contains  the  received  characters 
and  the  register  HllPORTA  (bit  4)  controls  the  radio  power  key  line.  See  the  table  for 
the  transmit  function  output  (Table  21)  for  additional  information. 

3.5  Adaptation  Requirements. 

3.5.1  System  Environment.  This  section  is  not  applicable  to  this  specification. 

3.5.2  System  Parameters.  This  section  is  not  applicable  to  this  specification. 

3.5.3  System  Capacities.  This  section  is  not  applicable  to  this  specification. 

3.6  Quality  Factors. 

3.6.1  Correctness  Requirements.  The  HHM  CSCI  is  considered  to  be  100^  correct. 

3.6.2  Reliability  Requirements.  The  software  has  been  developed  to  consistently  pro¬ 
vide  meaningful  results  regardless  of  the  input  signal. 

3.6.3  Efficiency  Requirements.  The  CSCI  uses  the  computer  resources  in  a  manner 
which  accomplishes  status  cycle  evaluation  and  reporting  in  less  than  15  seconds. 

3.6.4  Integrity  Requir*ments.  No  control  against  unauthorised  access  to  operations  and 
data  mists  in  this  CSCI. 

3.6.3  Viability  Requirements.  The  CSCI  design  asaures  th*  HHM  is  as  simple  to  use  as 
possible.  Once  the  HKM  unit  is  activated,  the  CSCI  provides  all  necessary  operation 
instructions  go  the  LCD  display. 

3.6.6  Maintainability  Requirements.  The  maximum  effort  necessary  to  locate  a., d  fix  an 
error  should  not  exceed  2  human  work  weeks. 
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3.6.7  Testability  Requirements.  Testing  of  the  CSCI  should  range  from  1  day  to  1 
week  depending  on  the  data  set  selected.  Sections  of  the  CSCI  are  difficult  to  indepen¬ 
dently  test  due  to  their  close  relationship  to  the  hardware. 

3.6.S  Flexibility  Requirements.  Minimal  time  will  be  required  for  enhancements  due  to 

the  modular  nature  of  the  HKM  CSCI. 

3.6.9  Portability  Requirements.  The  software  is  portable  due  to  the  facts  it  is  primarily 
written  in  C  and  it  is  modular.  However,  since  the  software  has  been  developed  for  a 
particular  microprocessor  with  built-in  interfaces,  complications  may  result  when 
attempting  to  re- port  the  software. 

3.6.10  Reusability  Requirements.  The  HHM  CSCI  will  be  reusable  in  other  applications 
with  minimal  effort  since  the  software  is  written  in  the  high  level  language  C  and  is 
modular. 

3.6.11  Interoperability  Requirements.  The  CSCI  is  not  compatible  with  any  existing  sys¬ 
tems  except  for  the  personal  monitor  communicator  (PMC)  and  the  prototype  mul¬ 
timonitor. 

3.6.12  Additional  Quality  Factor  requirements.  Thi3  section  is  not  applicable  to  thus 
specification. 

3.7  CSCI  Support. 

3.7.1  Facility  Requirements.  Laboratory  workspace  suitable  for  the  equipment  and  per¬ 
sonnel  listed  below  is  necessary.  The  workspace  will  need  to  have  standard  120  volt  AC 
power,  temperature  control  for  the  room,  a  computer  table,  and  a  workbench 

3.7.2  Equipment  Requirements.  The  following  equipment  is  necessary: 

a.  IBM  PC  compatible  computer  with  a  serial  port  to  talk  to  the  emulator 
(r-commend  »  3#6  system  with  a  hard  disk  drive) 

b.  Motorola  HDS-300  Development  System  with  a  68HC11  emulator  pod 

c.  Wire-wrap  prototype  of  PMC  and  H1IM  hardware  with  a  digital  to  analog 
converter  for  debugging  and  testing  software  during  development 

d.  100  MHi  bandwidth  oscilloscope  to  monitor  software  functions 

e.  Five  volt  DC  power  supply  for  prototype  circuit 

f.  PROM  programmer  to  attach  to  the  IBM  PC  compatible  computer  for  pro¬ 
gramming  27 C 6-4  and  27C256  EPROMS 
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7.3  Software  Requirements.  The  following  software  is  necessary: 

a.  INTROL-C/68HC11  C  cross  compiler  for  the  Motorola  68HC11  microprocessor 
which  runs  on  the  IBM  PC  compatible  computer 

b.  MS-DOS  for  the  IBM  PC  compatible  computer 

c.  Text  editor 

d.  Copies  of  the  PMC  and  HHM  source  code 

e.  File  transfer  program  for  PC  to  HDS-300  communication 

f.  C  compiler  for  the  IBM  PC  compatible  computer  o  compile  and  test  the 
software  described  in  item  8  (above) 

7.4  Personnel  Requirements.  The  personnel  maintaining  and  developing  the  PMC 
d  HHM  software  need  knowledge  in  the  following  areas: 

a.  C  programming 

b.  stand-alone  microprocessor  programming  (MC68HC11  in  particular) 

c.  real  time  programming  (interrupt  handling,  etc.) 

3  Tr  we  ability.  This  section  is  not  applicable  to  this  specification. 


QUALIFICATION  REQUIREMENTS 

l  General  Qualification  Requirements.  Testing  of  the  CSCI  on  an  independent  basis 
s  now  been  performed.  See  documentation  concerning  testing  in  the  Interface 
•quirement  Specification  (A006). 

I  Special  Qualification  Requirements.  This  section  is  not  applicable  to  this 
ecification. 


PREPARATION  FOR  DELIVERY 

l  Preparation  for  Delivery.  The  CSCI  software  will  be  delivered  iQ  object  cede  form 
an  EPROM  socketed  into  the  KHM  unit.  A  hardcopy  of  the  source  code  can  be 
und  in  the  appendix  which  accompanies  this  documentation. 


NOTES 

l  Acronyms  See  acronym  summary  table  (Table  22). 
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TABLE  1.  Interface  identification/docurnentation. 
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TABLE  2.  Interface  summary. 


INTERFACE 

NAME 

INFORMATION 

DESCRIPTION 

INITIATION 

CONDITION 

EXPECTED 

RESPONSE 

VRFB 

Analog  reference 
voltage 

HWCI  12-to-CSCI  2 

HHM 

activated 

Check  A/D 
voltage  reference 

DRTD 

Transmit  data 

serial  communication 

CSCI  2- to- HWCI  13 

HHM  sending 
data  packet 

Data  packet 
sent  by  RF 
transceiver 

DRTE 

Receive  data 

serial  communication 

HWCI  13-to-CSCI  2 

DRT  receiving 
data  packet 

Data  packet 
processed 

DRTF 

Digital  RF 
transceiver  power 

CSCI  2-to-HWCI  13 

HHM 

activated 

DRT 

activated 

DISP 

HHM  display 

CSCI  2-to-HWCI  7 

HWCI  7-to-CSCI  2 

HHM  receives 

activate  or 

message 

Display 

message 

ACTS 

Activate 

system 

HWCI  S-to-CSCI  2 

Activate  switch 
pressed 

Activates 

HHM 

PTRM 

Proximity  data 

CSCI  2-to-HWCI  9 

HHM 

activated 

Proximity  receiver 
activated 

RTCB 

Real  time 
clock  interrupt 

HWCI  10-to-CSCI  2 

HHM  powered  up 
or  PMC  activated 

Internal  interrupt 
at  50  HZ 
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TABLE  3.  Request  for  soldier  status  (CSS)  format. 


DATA  LENGTH 

DATA  TYPE 

CONTENT 

DESCRIPTION 

2  bytes 

Ascn 

“A 

packet  header 

1  to  5  bytes 

Ascn 

1  to  5  digits 

PMC  id  number 

1  byte 

Ascn 

: 

id  end  marker 

3  bytes 

asce 

CSS 

packet  type 

1  byte* 

ASCII 

space  (blank) 

1  byte* 

Ascn 

I 

signals  CSCI  1  response 

2  bytes 

asce 

hex  digits 

packet  checksum 

2  bytes 

Ascn 

LfCr 

packet  trailer 

optional 
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TABLE  4.  PMC  positive  acknowledge  (PPA)  format. 


DATA  LENGTH 

DATA  TYPE 

CONTENT 

DESCRIPTION 

2  bytes 

Ascn 

'A 

packet  header 

1  to  5  bytes 

Ascn 

1  to  5  digits 

PMC  id  number 

1  byte 

asch 

: 

id  end  marker 

3  bytes 

Ascn 

PPA 

packet  type 

2  bytes 

asch 

hex  digits 

packet  checksum 

2  bytes 

ascd 

LfCr 

packet  trailer 

A005 


TABLE  5.  PMC  soldier  status  (PSS)  format. 


DATA  LENGTH 

DATA  TYPE 

CONTENT 

DESCRIPTION 

2  bytes 

asch 

'A 

packet  header 

1  to  5  bytes 

ASCII 

1  to  5  digits 

PMC  id  number 

1  byte 

Ascn 

: 

id  end  marker 

3  bytes 

asch 

PSS 

packet  type 

1  byte 

asce 

space  (black) 

1  to  5  bytes 

Ascn 

1  to  5  digits 

evaluation  count 

1  byte 

ASCII 

space  (blank) 

1  to  3  bytes 

asch 

1  to  3  digits 

off-wrist  level 

1  byte 

Ascn 

space  (blank) 

2  to  3  bytes 

asch 

2  to  3  digits 

heart  rate 

1  byte 

ASCII 

space  (blank) 

1 

1  to  4  bytes 

ASCH 

1  to  4  digits 

motion  count 

1  byte 

ASCII 

space  (blank) 

1  to  3  bytes 

ASCII 

l  to  3  digits 

A/D  reference  level 

1  byte 

ASCII 

space  (blank) 

2  bytes 

ASCII 

LfCr 

packet  trailer 
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TABLE  6.  Function  power  up  initialization  input. 


ITEM 

DESCRIPTION 

UNITS  OF 

MEASURE 

FREQUENCY 
OF  ARRIVAL 

LEGALITY 

CHECK 

SOURCE 

1 

Power  up 
reset 

N/A 

Once  when 

device  is 

turned  on 

N/A 

CSCI  2 

31 
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TABLE  7.  Function  power  up  initialization  output. 


ITEM 

DESCRIP¬ 

TION 

UNITS  OF 
MEASURE 

FREQUENCY 

OF  DEPARTURE 

LEGALITY 

CHECK 

DESTINA¬ 

TION 

A/D  conversion 
enable  flag 
(addag) 

N/A 

N/A 

N/A 

Function 

A/D 

Conversion 

Activate 

flag 

(actflag) 

N/A 

N/A 

N/A 

Function 

Main 

Monitor  or 

Time 

Keeping 

3 

Buffer  input, 

index 

(pin) 

N/A 

N/A 

■ 

N/A 

F  unction 
Power  Up 

4 

Buffer  output 

index 

(pout) 

N/A 

N/A 

N/A 

F  unction 
Power  Up 

5 

Initialization 

subroutine 

(pkclear) 

N/A 

N/A 

N/A 

F  unction 
Power  Up 

g 

Display 

operating 

. 

instructions 

N/A 

N/A 

N/A 

Function 

Display 

7 

■  ;  1 

N/A 

N/A 

N/A 

HWCI  6 

8 

Port  D 
direction 
register 
(HllDDRD) 

N/A 

N/A 

N/A 

HWCI  a 

TABLE  7,  continued 
Function  power  up  initialization  output. 
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ITEM 

DESCRIP-  | 
TION 

UNITS  OF  i  FREQUENCY 
MEASURE  |  OF  DEPARTURE 

LEGALITY 

CHECK 

DESTINA¬ 

TION 

9 

A/D 

conversion 

(HllOPTION) 

n/a 

: 

N  A 

N/A 

HWCI  3 

10 

Key  line 
(HllPORTA 
bit  4) 

N/A  | 

N  A 

N/A 

HWCI  6 

11 

' 

Serial 

interface 
register  1 

amsccRi)  ! 

j  \  ^ 

[  \a 

1 

i 

N  A 

! 

1 

: 

N/A 

HWCI  6 

12 

Serial 

interface 
interrupt  j 

(H11SCCR2)  ; 

N/A 

1 

! 

i  N  A 

i 

i 

t 

N  A 

HWCI  6 

13 

r  ’  ■ 

Output  |  N  A 

compare  1  j 

interrupt 

|  (H11TMSK1)  i 

N  A 

N/A 

HWCI  11 

14 

Output 

N,  A 

N  A  j  N/A 

HWCI  11 

compare  1 

register 

(B11TOC1) 


14 


N  A 


N  A 


HWCI  11 
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TABLE  8.  Function  mam  monitor  input. 


ITEM  DESCRIPTION  UNITS  OF 

MEASURE 


Battery 
voltage 
reference 
adval 


PMC 

identification 

(id) 


Receive 

packet 

status 

(status) 


General 

counter 


Elapsed 

time 

counter 

(etime) 


Activate 

flag 

(artflag) 


Decoded 
packet 
buffer 
(dpb 


1/50 

Seconds 


Seconds 


50  Hz 


l /Second 


LEGALITY 

CHECK 

SOURCE 

No 

Function 

A/D 

Conversion 

N/A 

F  unction 

Input 

Packet 

Processing 

Yes 

/ 

F  unction 

Packet 

Construction 

No 

Function 

Time 

Keeping 

No 

Function 

Time 

Keeping 

N/A 

Function 
Tower  Up  or 
Time 

Keeping 

N/A 

Function 

Input 

Packet 

Processing 
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TABLE  9.  Function  main  monitor  output. 


ITEM 

DESCRIP¬ 

TION 

UNITS  OF  j  FREQUENCY 
MEASURE  1  OF  DEPARTURE 

LEGALITY 

CHECK 

DESTINA¬ 

TION 

1 

Retry 

number 

(retries) 

N/A 

N/A 

N/A 

F  unction 
Transmit 

2 

PMC 

identification 

(id) 

N/A 

N/A 

N/A 

F  unction 

Transmit 

3 

Elapsed  j  Seconds 

time 

counter 

(etime) 

N/A 

N/A 

Function 

Time 

Keeping 

A 

General  1  50 

timer  Seconds 

(dcount) 

N  A 

N  A 

Function 

Time 

Keeping 

5 

Activate 

flag 

(actflag) 

N/A 

N/A 

N/A 

Function 

Time 

Keeping 

5 

Message  :  N  A  |  N/A 

for  j 

display  j 

N/A 

Function 

Display 

AOOo 


TABLE  10.  Function  time  keeping  input. 


ITEM 

DESCRIPTION 

UNITS  OF 
MEASURE 

FREQUENCY 
OF  ARRIVAL 

LEGALITY  1  SOURCE 
CHECK  | 

1 

Clock 

interrupt 

N/A 

50  Hi 

N/A 

HWCI  10 

2 

1 

[ 

General 

counter 

(dcouat) 

1/50 

Seconds 

N/A 

Yes 

Function 

Main 

Monitor 

F" 

1 

! 

t 

1 

! 

Elapsed 

time 

counter 

(etime) 

Seconds 

N/A 

Yes 

CSCI  2 

4 

i 

i 

; 

■ 

I 

V  - . .  . 

Activate 

flag 

(actflag) 

N  A 

N  A 

* 

N/A 

Function 
Power  Up 

or 

Main 

Monitor 
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TABLE  11.  Function  time  keeping  output. 


ITEM 

DESCRIP¬ 

TION 

UNITS  OF  |  FREQUENCY 
MEASURE  1  OF  DEPARTURE 

LEGALITY 

CHECK 

DESTINA¬ 

TION 

i 

General 

counter 

(dcount) 

1,50 

Seconds 

N/’A 

N/A 

Function 

Main 

Monitor 

2 

General 

counter 
( pcount) 

1/50 

Seconds 

N/A 

N/A 

F  unction 

Packet 

Construction 

3 

Elapsed 

. 

tune 

counter 

« etiine ) 

Seconds 

N  A 

N/A 

Function 

Main 

Monitor 

4  :  Activate 

flag 

|  (actflas!) 

N  A  I  N  A 

! 

1 

N  A 

Function 

Main 

Monitor 

5  •  Interrupt 

|  a« 

;  (Hi iTFLOi) 

N  A 

N/A 

N  A 

HAVCI  10 

8 

Timing  !  N,  A 

register  : 

(HllTOrj)  ■ 

N  A 

N  A 

HWCI  10 

i 

T  iin-r 

interrupt 

(HllCOPKST) 

N  A 

N  A 

N  A 

HWCI  10 
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TABLE  12.  Function  A/D  conversion  input. 


ITEM 

DESCRIPTION 

UNITS  OF 
MEASURE 

FREQUENCY 
OF  ARRIVAL 

LEGALITY 

CHECK 

SOURCE 

A/D  conversion 
enable  flag 
(adflag) 

N/A 

N/A 

N/A 

Function 
Power  Up 

2 

A/D  conversion 
status  byte 
(HllADCTL) 

N/A 

N/A 

N/A 

HV/CI 12 

3 

Battery 

voltage 

(H11ADR3) 

N/A 

25  Hz 

No 

HWCI  12 

38 
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TABLE  13.  Function  a/D  conversion  output. 


ITEM 

DESCRIP¬ 

TION 

UNITS  OF 

MEASURE 

FREQUENCY 

OF  DEPARTURE 

LEGALITY 

CHECK 

DESTINA¬ 

TION 

1 

Batte-y 

voltage 

(adval) 

N/A 

N/A 

No 

F  unction 

Main 

Monitor 

2 

A/D 

coaversion 
control  byte 
(HllADCTL) 

N/A 

N/A 

N/A 

HWCI  12 

39 
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TABLE  14.  Function  packet  construction  input. 


ITEM 

DESCRIPTION 

UNITS  OF 
MEASURE 

FREQUENCY 
OF  ARRIVAL 

LEGALITY 

CHECK 

SOURCE 

1 

Buffer  input 

index 

(pin) 

N/A 

N/A 

N/A 

F  unction 
Power  Up 

2 

Buffer  output 

index 

(pout) 

N/A 

N/A 

N/A 

Function 
Power  Up 

3 

General 

timer 

(pcount) 

1/50 

Seconds 

N/A 

N/A 

F  unction 

Time 

Keeping 

!  4 

! 

Initialization 

subroutine 

(pkclear) 

N/A 

N/A 

No 

Function 
Power  Up 

5 

Serial  receiver 
interrupt 

N/A 

N/A 

N/A 

HWCI  13 

6 

Serial  receiver 
status  byte 
(H11SCSR) 

N/A 

N/A 

N/A 

HWCI  13 

7 

Character 

register 

(HllSCDR) 

N/A 

N/A 

N/A 

. 

HWCI  13 

40 
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TABLE  15.  Function  packet  construction  ouiput. 


ITEM 

DESCRIP¬ 

TION 

UMTS  OF 

MEASURE 

FREQUENCY 

OF  DEPARTURE 

LEGALITY 

CHECK 

DESTINA¬ 

TION 

1 

Packet 

storage 

(pkbuf) 

N/A 

N/A 

Yes 

Function 

Input 

Packet 

Processing 

2 

Receive 

packet 

status 

(status) 

N/A 

N/A 

N/A 

F  unction 

Main 

Monitor 

3 

Buffer  input 

index 

(pin) 

. 

N/A 

N/A 

N/A 

Function 

Input 

Packet 

Processing 

4 

Buffer  output 

index 

(pout) 

N/A 

N/A 

N/A 

Function 

Input 

Packet 

Processing 

. 

3 

Packet  buffer 

index 

(pkpt) 

N/A 

N/A 

Yes 

Function 

Input 

Packet 

Processing 

II 
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TABLE  16.  Function  input  packet  processing  input. 


ITEM 

DESCRIPTION 

UNITS  OF 
MEASURE 

FREQUENCY 
OF  ARRIVAL 

LEGALITY 

CHECK 

SOURCE 

1 

Packet  storage 

buffer 

(pkbuf) 

N/A 

N/A 

N/A 

Function 

Packet 

Construction 

2 

Buffer  input 

index 

(pin) 

N/A 

N/A 

N/A 

Function 

Packet 

Construction 

3 

Buffer  output 

index 

(pout) 

N/A 

N/A 

N/A 

Function 

Packet 

Construction 

4 

1 _ 

Packet  buffer 

index 

(pkpt) 

N,/A 

N/A 

N/A 

Function 

Packet 

Construction 

i 


42 
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TABLE  17.  Function  input  packet  processing  output. 


ITEM 

DESCRIP¬ 

TION 

UNITS  OF 

MEASURE 

FREQUENCY 

OF  DEPARTURE 

LEGALITY 

CHECK 

DESTINA¬ 

TION 

1 

Decoded 

packet 

buffer 

(dpb) 

N/A 

N/A 

N/A 

Function 

Main 

Monitor  or 
Dispiay 

•13 
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TABLE  18.  Function  display  input. 


ITEM 

DESCRIPTION 

UNITS  OF 
MEASURE 

FREQUENCY 
OF  ARRIVAL 

LEGALITY 

CHECK 

SOURCE  j 

1 

Display 

status 

register 

(DISPLAY) 

N/A 

N/A 

N/A 

HWCI  7 

2 

Message 

(■) 

N/A 

N/A 

N/A 

F  unction 
Power  Up  or 
Main 

Monitor  or 
Input 

Packet 

Processing 

3 

Display 

line 

number 

(lineno) 

N/A 

N/A 

N/A 

Function 
Power  Up  or 
Main 

Monitor  or 
Input 

Packet 

Processing 

4 

Decoded 

packet 

buffer 

(dpb) 

N/A 

N/A 

N/A 

Function 

Input 

Packet 

Processing 
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TABLE  19.  Function  display  output. 


ITEM 

DESCRIP¬ 

TION 

UMTS  OF 

MEASURE 

FREQUENCY 

OF  DEPARTURE 

. — — — — T  . * 

LEGALITY  j  DESTINA- 
CHECK  1  TION 

1 

Display 

status 

register 

(DISPLAY) 

N/A 

N/A 

N/A 

HWCI  7 

i 

Display- 

data 

register 

(DISDAT) 

N/A 

N/A 

N/A 

HWCI  7 

A005 


TABLE  20.  function  transmit  input. 


ITEM 

DESCRIPTION 

UNITS  OF  j  FREQUENCY 
MEASURE  1  OF  ARRIVAL 

LEGALITY 

CHECK 

SOURCE 

1 

General 

timer 

(dcount) 

1/50 

Seconds 

N/A 

N/A 

F  unction 

Time 

Keeping 

2 

! 

PMC 

identification 

Od) _ 

N/A 

N/A 

N/A 

Function 

Main 

Monitor 

3 

N/A 

N/A 

N/A 

Function 

Main 

Monitor 

4 

1 

i 

» 

1 

Serial 

receiver 

status 

byte 

(Hi  1SCSR) 

N/A 

N/A 

N/A 

HWCI  13 
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TABLE  21.  Function  transmit  output. 


ITEM 

DESCRIP¬ 

TION 

UNITS  Or 

MEASURE 

FREQUENCY 

OF  DEPARTURE 

LEGALITY 

CHECK 

DESTINA¬ 

TION 

1 

Transmit 

packet 

(tpakbuf) 

N/A 

N/A 

Yes 

HWCI  13 

2 

Transmit 

packet 

(H11SCDR) 

N/A 

N/A 

Yes 

HWCI  13 

3 

Transmit 
key  line 
(Hi  IP  ORTA 
bit  4) 

N/A 

N/A 

N/A 

HWCI  13 

TABLE  22.  Acronym  summary. 


ACRONYM 

MEANING 

ACT 

Activate  switch 

ACTA 

Activate  switch  to  CSCI  2  interface 

CSS 

Request  for  soldier  status 

DIS 

Display 

DISA 

Display/CSCI  2  interface 

DRT 

Digital  RF  transceiver 

DRTD 

CSCI  2  to  DRT  interface 

DRTE 

DRT  to  CSCI  2  interface 

DRTF 

CSCI  2  to  DRT  interface 

HHM 

Hand  held  monitor 

PMC 

Personal  monitor  communicator 

PPA 

PMC  positive  acknowledge 

PTR 

Proximity  transmitter 

PTRA 

CSCI  2  to  PTR  interface 

PSS 

PMC  soldier  status 

RTC 

Real  time  clock 

RTCB 

RTC  to  CSCI  2  interface 

VRF 

Voltage  Reference 

VRFB 

VRF  to  CSCI  2  interface 
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APPENDIX  1. 


10.  HUM  SOURCE  CODE 


j  *  HHM  program  *  / 

*  written  by  Jim  Jones,  George  Graber  *,' 

/*  Purdue  UniTersity  *, 

/*  1985-1389  */ 

^define  HKMED  4  *  HHM  LD  number.should  be  unique  */ 

jyinclude  <stdio.h> 

#  include  <hllreg.h> 

#i.'-.lude  <bmec.h> 

“include  <  terminal. h> 

*  .ASCII  constants  */’ 

“define  LF  10 
“define  CR  13 


“define  MAXRETRIES  10  *  maximum  number  of  retries  */ 

“define  EVALTIME  15  ,  *  time  for  PMC  to  complete  an  evaluation  */ 


t*de£ne  PPA  1  /*  packet  types  * 

“define  PSS  2 


^define  P3UFSIZE  8  ,  *  input  packet  buffet  liie  *  ' 

ft  define  PMASK  0x07 


tfdefine  PASSIVE  0  /*  HHM  monitor  mode  */ 

“define  ACTIVE  1 


/*  stru-ture  used  to  set  up  serial  interface  * 
struct  ioetl  *  tty  b; 

char  c lk 50;  /*  50  HZ  counter  for  real  time  clock  */ 

int  dcount;  /*  50  HZ  down  counter  for  general  purpose  timing  */ 

int  pcount; 

ini  etime;  /*  50  HZ  elapsed  time  counter  * 

char  tpakbuf'2001;  /*  Sulfur  to  construct  packets  for  trarsm.ssion  */ 
char  rpak puflOOi; 

chxr  pk bufPIHTSIZK  * 2  ’  100! ;  /*  Suffer  to  store  incoming  packets  */ 


struct 


/*  buffrf  to  store  decoded  packets  *, 
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char  pk_type; 
int  pk_id; 
int  pk_seq; 
int  pk_hr; 

Lot  pk-offw; 
int  pk_batt; 
int  pk_mot; 

JdpbjPBUFSIZEv:’: 

int  pin, pout;  /*  input  and  output  indexes  for  packet  buffer  */ 

char  *pnkptr;  /*  pointer  to  receive  packet  buffer  */ 

int  rstate;  /*  state  of  receive  packet  finite  saUte  machine  */ 

int  chksum;  /*  check  sum  calculated  on  received  packets  */ 

int  rchksuu;  /*  check  sum  included  in  received  packets  */ 

char  line *80);  /*  buffer  for  display  messages  */ 

/*  soldier  status  values  returned  from  a  PMC  */ 

int  evnum;  /'*  evaluation  number  */ 

int  offw;  /•  PMC  off  wrist  flag  */ 

int  hrate;  /*  heart  rate  *, 

int  batt;  /*  battery  voltage  */ 

int  mocount;  /*  motion  counter  */ 

int  id;  /*  PMC  ID  */ 

char  actfiag;  /*  ACTIVATE  Pushbutton  flag  */ 

int  ad  flag;  /*  enable  A/D  conversion  8*«  7 

iat  adval;  /*  value  from  A/D  conversion  */ 

int  rttries;  /*  number  of  reties  for  communication  */ 

int  restart;  /*  flags  for  main  monitor  loop  */ 

int  done; 

int  mode;  /*  monitor  mode  (ACTIVE  or  PASSIVE  )  */ 

/*  routine  declarations  */ 
void  iat_setup(); 

— mod2—  void  OCllNTf); 

— mod2  —  void  INTlNTf); 

—mod  2 void  SCIINTO; 

main()( 

/•  turn  rf  transmitter  off  \ 
key(O); 

pin  *»  pout  «•  0; 
pkclear(); 
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j*  jet  up  interrupts  * 
int_setup(); 

*  set  up  serin!  port  * 
str.  setup)';; 

*  initialise  LCD  displsy  * 
inii_disp(); 

*  Power  up  message  * 
messAge(0,"  Hsnd  Held"); 
messaieD ,  Monitor  (HHM)'); 
sleep)  2); 

instruct!’ ; 

/*  turn  on  A/D  conT'!ter  ‘  ' 
ndon(); 

*  main  monitor  loop  * 
while;  1  ( 

*  ACTIVATE  button  pressed’  * 
iff*#  tfug )( 

setisat«(); 

(jtode  -  ACTIVE; 

whi)e(actflag  ■--**=  0)) 
r«*rien  ■*  0, 

•  time  0; 

restart  =-■  0; 

whileletim*  EVALT IMI.*S011 
if(nctflag)br»aJr; 
whil*(pout  1  «•  put  j{ 

ifjdpb  pout  \r  k _ id  id'( 

if(dpb  pout  pk.trpe  *  -  PPAii 
/*  found  FT  A  park**.  * 
resti/t  «*  1; 

1 

iffdpb  pout  pk.type  f’SS)( 

/  ’  lound  PSS  pack*t  *  ' 
restart  •=»  t; 

/*  di*pl»7  status  result*  * 
dopss( pout  i; 

) 


pout  (pout  »  1'  &  f’MASK; 
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if(actflag)break; 

if(restart){ 

mode  =  PASSIVE; 

} 

else{ 

retries  =  0; 
done  =  0: 
do{ 

sprintf(line,"PMC  Query  '*); 
message(0, "Attempting  PMC"); 
message(l  ."Communication"); 
docss(id  .retries); 
etime  =  0; 
do{ 

whiIe(pout  !=  pin){ 

if(dpb[poutJ.plc_id  ==  id){ 

if(dpb[poutj.pk_type  ==  PPA){ 
mode  =  PASSIVE; 
done  =  1; 

} 

i?(dpb[pout].pk_type  =—  PSS){ 
done  —  1; 
dopss(pout); 

} 

} 

pout  =  (pout  +  1)  &  PMASK; 

} 

}whi!e(etime  <  rtime(retries)  Sc.Sc  !done  ScSc  iactflag); 
retries++; 

}while(retries  <  MAXRETRIES  &<&  !done  &&  lactflag); 
if(!done){ 

message(0,”  Lost”); 

message(0, "Communication"); 

sleep(2); 

instruct(); 

break; 

} 

} 

} 

if(mode  PASSIVE  )sleep(2); 

/*  check  hhm  battery  */ 
if(adral  >=  68){ 

»leep(2); 

sprintf(line,''Low  HHM  Battery"); 

message(l.line); 

} 
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} 

> 

/*  attempt  to  active  a  PMC  */ 
activate(){ 
retries  =  0; 

/*  display  activate  message  *  ' 
sprint!  (line,  "Attempting"); 
message(0,line); 
message(l,"PMC  Activation"); 
do{ 

/*  clear  packet  buffer  */ 
pout  =  pin; 
pkdear(); 

/*  pulse  proximity  transmitter  */ 

prox(); 

id  =  0; 

/*  check  for  PMC  response  */ 

etime  =  0; 

do{ 

iffpout  pin ) { 

if(dpbpout!.pk_type  =  =  PPA){ 
id  =  dpb  pout  .pk_id: 

} 

pout  =  (pout  1)  £  PMASK; 

} 

}while(etime  <  rtime(retries)  &&  id  ==  0); 
retries 

)while(id  =  =  0  &&  retries  <  MAXRETRIES); 
act  Bag  =  0; 

/*  if  id  =  =  0  then  activation  «u  unsucetsful  */ 
if(id  =  =  0){ 

message(9,"ERROR~Repeat"); 
message(l, "Activate  Steps"); 

>l~p(2); 

instruet(); 

/ 

/  *  else  PMC  was  activated  */ 
else  ( 

sctflag  =»  0; 

sprintf(line,"PMC  ACTIVATED", id); 

message(0,line); 

message(l,""); 

dcount  =*  25; 

while(dcount); 
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/*  output  operating  instructions  to  the  display  */ 
instruct!)  { 

jprintf( line, "Put  HHV1  Near  PMC"); 
message(0,line); 

sprintf(line, "Press  ACTIVATE”); 
message(  1, line); 

} 

/*  calculate  a  variable  retry  time  based  on  retry  number  */ 
rtime(r)int  r;{ 
int  i; 
int  rt; 
switch(r){ 
case  1: 
case  8: 
rt  =  0; 
break; 
case  2: 
case  7: 

i  =  clk50; 
rt  —  8  *  i; 
break; 
case  3: 
case  8: 

rt  =  (HHMID  &  7)  •  50; 
break; 
case  4: 
case  9: 

rt  =  (adval  &  7)  *  50; 
break; 
case  5: 
case  10: 

rt  =  id  *  50; 
break; 
default: 
rt  =  100; 
break; 

} 

return(rt+100); 

} 

/*  pause  for  i  seconds  */ 

•leep(i)int  i;{ 
etime  0; 
while(etime  <  i* 50); 
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} 

/*  activate  proximity  transmitter  *  I 
prox(){ 

H11PORTA  |=  0x20; 
dcount  —  5; 
while(dcount); 

Hi  1  PORTA  &=  Oxdf; 

} 


/*  process  and  display  results  of  PSS  packet  *  j 
dop3s(pkpt)int  pkpt;{ 

evnum  —  dpb[pkptj.pk_seq; 
offw  =  dpb(pkpt].pk_offw; 
hrate  — -  dpb[pkpt].pk_hr; 
mocount  —  dpb[pkptl.pk_mot; 
batt  =  dpb[pkpt].pk_batt; 

messagefl,""); 
iffoffw  >  190){ 

sprintf(line,  "Check  Wrist"); 
message(0,line); 
sprintffline, "Strap"); 
messagefl, line); 

> 

el*e{ 

iffhrate  >=  50){ 

sprintffline, "Heart  Rate  c“e3d”, hrate); 
messagefO.line); 

} 

else  iffhrate  <  50  &&  hrate  >  0  &&  mocount  =  =  0){ 
sprintffline, "Heart  Rate  <T33d”,hr*te); 
messagefO.line); 

> 

else  { 

sprintffline, "Heart  Rate  ’"); 
messagefO.line); 

} 

strcpyfline,""); 

ifffhrate  =  =»  0)  ||  (hrate  ==  -4))sprintff!ine,"Low  Pulse"); 

if(mocount)sprintf(iine, "Motion"); 

messagefl.line); 

> 

iffbatt  >=  8L){ 

sle«p(2); 

sprintffline, "Low  PMC  BaUery"); 
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message(l,line); 

} 

return(l); 

> 

/*  transmit  CSS  packet  */ 
docss(id.r)  int  id,r;  { 
char  *p; 

if(mode  =====  PASSIVE)* 
if(r  >  5)mode  =  ACTIVE; 

} 

if(mode  -==  ACTIVE){ 
p  =  &tpakbuf[Oj; 
if(r)sprintf(pl''"A?5d:CSS  I“,id); 
else  sprintf(p,"*A%d:CSS"1id); 
sendpak(p); 

} 

} 

/*  send  a  packet  through  the  radio  transmitter  */ 
sendpak(pk)  char  *pk;{ 
int  i; 
char  *p; 
p  —  pk; 

for(i  =  0;  *p;  p++)i  =  i  -r  *p; 
i  —  i  &  Oxff; 

*p  =  (i  »  4)  +  ’O’; 
if(*p  >  '9’)*p  =  *p  +  7; 

*p  =  (i  &  Oxf)  +  ’O’; 
if(*p  >  ’9‘)*p  =  *p  +  7; 

p++; 

*p  -  LF; 
p++; 

*p  -  CR; 
p++; 

*p  =  0; 

key(l); 

dcoant  =  10; 
while(deount); 


pkputc(’ 

pkputc('X’); 

whil«(*p){ 


pkputc(*p); 

p++; 

} 
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pkputc(CR); 

pkputc(CR); 

key(O); 


/'*  output  a  character  to  the  radio  */ 
pkputc(c)  char  c;{ 

while((HliSCSR  &  0x80)  ==  Oj; 
HllSCDR  -  c; 

} 


/*  get  a  character  from  the  radio  */ 
pkgetc(){ 

whiie((Kl  1SC3R  Sc  0x20)  ==  0); 
return(Hl  1SCDR); 

} 

/*  clear  the  packet  buffer  */ 
pkclear(){ 

pakptr  =  pkbuf'pini; 
chksum  =  0; 
relate  —  0; 


/*  SCIINT  is  entered  when  a  character  ij  received  */ 
/*  SCILN’T  conetrucU  packet*  a*  they  are  received  */ 

_ mc'i2 _ void  SCIINT(){ 

int  c; 
int  pt; 
char  *s; 
c  —  pkgetcl); 

/*  pkputc(c);*/ 

»witch(rstale){ 
ca*e  0: 

if(c  »«,-){ 

*pakptr+-t-  =  c; 
chksum  n  c; 
rstate  =»  1; 

) 

break; 

CIM  1. 

if(c  «=*  ’"Mbreak; 

iffe  ’A’)( 

*pakptr-t--e  *-«  c; 
chksum  +=»  c; 
rstate  =*  2; 
pcount  50; 
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} 

else  pkclearQ; 
break; 
case  2: 

if(c  ==  ’->){ 
pkelearQ; 

*pAkptr-r-f  —  c; 
chksum  =  c; 
rstate  =  1; 

}  ’)){ 
else  if((c  ==  ’0)  j  |  (c  ==  ’ 

•pakptr  =  0: 

$  =  pakptr; 

•**> 

rchksum  =  xtoi(s); 
chksum  -=  *sh — r; 
chksum  -=  **; 
chksum  &=  Oxff; 
if(chksuui  ==  rchksum){ 
pt  =  pin; 

pin  =  (pin  tl)fe  PMASK; 

pkclear(); 

dopacket(pt); 

} 

else{ 

pkclearQ; 
asm("  CL  I"); 

} 

} 

else  { 

if((pakptr  >=  &pkburpinj[<9?)  ||  (pecuni  =>=*  0))pkclear(); 
else{ 

*pakptr++  •=  c; 
chksum  +=  c; 

} 


break; 

) 

} 

/*  d packet  decodes  received  packets  */ 
dopscket(pkpt)in*.  pkpt;{ 
mt  n; 

,:har  *.snumjlOj; 
asm('  CLf); 

/*  process  pkbuf!pkptj  */ 

*  pkbufrpkpt:; 
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s+-+;  »++; 

for(n=0;  isdigit(s:n;)&i:  n  <  9;  u+-t-)num'n,=:s  n;; 
numfnj  =  ’ 

dpb!pkptj.pk_id  =  atoi(num); 

3  =  3  -*•  n  -r  1; 

if(strr.cmp(s,  ‘PPA ’.3)  —  —  0){ 
dpb[pkpt].pk_type  =  PPA; 

} 

else  if(strncmp($,"PSSH,3)  ==  0){ 
dpb  pkptj.pk_type  =  PSS; 
for(n=0;  pkbuf'pkpt  nj  ’  =  nx+); 

a  =  n  +  4; 
s  =  &pkbuPpkpt;'ni; 

we*nf(s,"?5<i  %d  %d  5Td  %d  ^d",&dpb;pkpt;.pk_seq,&dpb[pkpt].pk_offw, 
&dpb[pkpt!.pk_hr<&dpbJpkpti.pk_mot,&dpb[pkptJ.pk_b»tt); 

} 

} 

_ mod 2 void  INTINT(){ 

} 

j*  key  the  transmitter  */ 
key fi)  ir.t  i;( 

if(i  ==  0)H11PORTA  |=  0x08; 
else  HllPORTA  &==  OxF7, 

} 


/*  service  the  0C1  interrupt  (reai  time  dock,  50HZ)  */ 

_ mod  2 _ void  OClINT(){ 

HllTFLGl  =  0x80; 

HllTOCl  +=»  0x9c80; 

HllCOPRST  «  0x55; 

HllCOPRST  =  Ox as; 

if(((H’  ,o0RTA  &  0x02)  =  =  0)  'actaig)art8ag  -  1; 

H11ADCTL  ~  0x10; 
whiWHUADCTL  &  0x80  0); 

sdvsl  =•  HllADRl; 

) 

elk  50 
etime-  -*•; 
if(dcount;dcount— ; 
iffpcount)pcount~; 
if(dk50  >-  50){ 
dk50  »  0; 

} 

> 


_ mod2 _ void  COPINT(){ 

message(0,"COP  RESET!';; 


set  up  interrupt  service  routines  */ 
void  int_s«tup(){ 

_ mod2 _ void  OClINT(}; 

_ mod 2 _ void  INTINT(); 

_ mod 2 _ void  COPINTQ; 

_ mod2 _ void  SCUNTO; 

void  VECTCRQ; 

dcount  =  C; 

pcount  =  0; 

VECTOR(OClINT,9); 

VECTOR(INTINT,14); 

VECTOR(COPINT,17); 

VECTOR(COPINT,18); 

VECTOR(SCIINT,0); 

HllTOCl  =  0; 

HUTMSK1  |=  0x80; 

} 

/*  set  up  serial  interiuce  */ 
tty_setup(){ 
chksum  =  0; 
rshksum  =  0; 
rstate  =  0; 

HllSCCRl  =  0; 

H11SCCR2  =  0x2C; 

HliBAUD  =  Oxoii; 

HllDDRD  «  2; 

HllPORTD  —  0; 

> 


/*  is  serial  interface  ready  */ 
con_xdy(){ 

if(HllSCSR  &  0x20)return(l); 
else  return(0); 

t 

adon()\ 

HllOPTION  I  —  0x80;  j*  power  up  a/d 
adflag  =®  1; 

) 

^include  hex.c" 

^include  “display .c" 


/*  hex.c  program 


/*  convert  hex  ascii  str'ng  to  integer  */ 
xtoi(s)char  *s;{ 

int  i; 

i“ctoh(s  0;); 

i  —  (i<<4)  |  ctoh(sili); 

return(i); 


/*  convert  hex  ascii  digit  to  integer  *  j 

ctoh(cl) 

int  cl; 

{  lf(cl>y«)cl=cl-32; 
cl=cM8; 
iT(cl>9)cl=cl-7; 
return(cl); 

} 


/*  convert  integer  to  hex  ascii  character 
char  htoc(i)  iat  i;{ 
char  h; 
h  =  i  +•  'O’; 
if'h  >  ’9’)h  -=  7; 
return(h); 


/*  display  .c  program 
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^define  DWAIT  (whilefDISPLAY  &  0x80);} 
#dc5ne  3WAIT  {dcount  =  2;  while(dcount);} 

/*  initialise  the  LCD  display  *  j 
init_disp(){ 

BWAIT; 

dctrl(0x38); 

BWAIT; 

dctrl(0x38); 

BWAIT; 

dctrl(Ox38); 

BWAIT; 

dctrl(0x38); 

dctrl(OxOc); 

dctrl(OxOC); 

dctrl(l); 

} 

/•  output  control  byte  to  the  LCD 
dctr!(e)int  v:{ 

DWAIT; 

DISPLAY  =  r; 

} 

/*  output  a  character  to  tne  LCD  */ 
apute(c)int  c;{ 

DWaIT; 

DISPDAT  =»  c; 

} 

/*  output  a  string  to  the  LCD  */ 
dput»(»)  char  *s;{ 

while(*s){dput<(*»);  »+♦;} 

} 

/*  output  a  message  to  the  LCD  */ 
onesaagefi,*)  int  i;  char  *»;{ 
if(i  --0)1  *»  0x80; 
else  i  «■>  OxcO; 
ictrl(i); 

dpute("  '); 

dctri(i); 

dputa(s); 
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1.  SCOPE 

1.1  Identification.  This  Interface  Requirements  Specification  establishes  the  require¬ 
ments  for  the  interfaces  identified  as  the  HHM-to-PMC  proximity  transmission  (PRTA) 
and  the  PMC-HHM  RF  transceiver  (DRTG  and  DRTH)  for  the  CSCIs  identified  as  Per¬ 
sonal  Monitor  Communicator  Software,  PMC-CSCI.l,  and  Hand  Held  Monitor 
Software,  HHM-CSCI.2,  in  the  Personal  Monitor  and  Communicator,  PMC-SYS.l,  Sys¬ 
tem. 

1.2  Purpose.  The  three  interfaces  are  necessary  for  accurate  communications  between 
the  PMC  and  the  HHM. 

1.3  Introduction.  This  document  provides  detailed  and  complete  specifications  of  the 
communication  interfaces  between  the  personal  monitor  (PMC)  and  the  hand  held  mon¬ 
itor  (HHM)  which  compose  the  Personal  Monitor  and  Communicator,  PMC-SYS.l,  Sys¬ 
tem. 


2.  APPLICABLE  DOCUMENTS 


2.1  Government  documents.  The  following  documents  of  the  exact  issue  shown  form  a 
part  of  this  specification  to  the  extent  specified  herein.  In  the  event  of  conflict  between 
the  documents  referenced  herein  and  the  contents  of  this  specification,  the  contents  of 
this  specification  shall  be  considered  a  superseding  requirement. 


SPECIFICATIONS 

Military 

MIL-S-83490  Specifications,  Types  and  Forms 


STANDARDS 


Military 

DOD-STD-2167 

MIL-STD-483A 


MEL-STD-490A 


Defense  System  Software  Development 
Configuration  Management  Practices  For 
Systems,  Equipment,  Munitions,  and  Computer 
Programs 

Specifications  Practices 


2.2  Non-Government  documents.  The  following  documents  of  the  exact  issue  shown 
form  a  part  of  this  specification  to  the  extent  specified  herein.  In  the  event  of  conflict 
between  the  documents  referenced  herein  and  the  contents  of  this  specification,  the  con¬ 
tents  of  this  specification  shall  be  considered  a  superseding  requirement. 
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OTHER  PUBLICATIONS 

Oppenheim,  A.V.,  Schafer,  R.W. 

Digital  Signal  Processing 

Prentice-Hall, Inc.,  Englewood  Cliffs,  NJ,  1975 

Kernighan,  B.W.,  Ritchie,  D.M. 

The  C  Programming  Language 
Prentice-Hall, Inc.,  Englewood  Cliffs,  NJ,  197S 

Introl  C  MS-DOS  Host  Guide  Version  1.0 
Intro!  Corporation,  Milwaukee,  WI,  1987 

Motorola  Semiconductor  Technical  Data 
Advance  Information  for  the  MC68HC11A8 
HCMOS  Singie-Chip  Microcomputer 
Order  number  MC68HC11A8/D 

Programmer's  Reference  Manual 

M68HC11  HCMOS  Single-Chip  Microcomputer 

Order  number  M68HC1 1PM/AD 


3.  REQUIREMENTS 

3.1  Interface  Relationships.  See  interface  identification  figure  (Figure  1). 

3.2  Interface  Identification  and  Documentation.  See  interface  identification  table 
(Table  1). 

3.3  Detailed  Interface  Requirements. 

3.3.1  CSCI-to-CSCI  Interface  Requirements.  This  section  is  not  applicable  to  this 
specification. 

3.3.2  CSCl-to-HWCI  or  Critical  Item  Requirements. 

3.3.2. 1  Proximity  Transmitter/Receiver  Interface. 

a.  Signal  Direction.  See  interface  tabic  (Table  2). 

b.  Signal  Format.  The  transmitted  signal  is  a  125  KHz  electric-field  proximity 
signal  with  an  upper  transmission  range  of  4  inches. 
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c.  Memory  Buffer  And  Location.  This  section  is  not  applicable  to  this  interface. 

d.  Transfer  Protocol.  This  section  is  not  applicable  to  this  interface. 

e.  Initiation  Condition ,  See  interface  table  (Table  2). 

f.  Priority  Level.  This  interface  has  the  highest  priority  in  the  system. 

g.  Expected  Response.  Table  2  shows  the  expected  response  to  the  PMC  activa¬ 
tion.  If  no  response  is  detected,  the  proximity  signal  is  re-transmitted  after  a 
variable- time  delay. 

3.3.2.2  Digital  RF  Transceiver  Interfaces. 

a.  Signal  Direction.  See  interface  table  (Table  2). 

b.  Signal  Format.  The  HHM-to-PMC  interface  (IF  DRTG)  can  transmit  one 
message.  The  format  of  the  request  for  the  soldier  status  message  (CSS)  is 
shown  in  Table  3.  The  PMC-to-HHM  interface  (IF  DRTH)  is  capable  of  send¬ 
ing  two  messages.  The  formats  for  the  transmission  of  the  PMC  positive  ack¬ 
nowledge  (PPA)  and  the  PMC  soldier  status  (PSS)  are  shown  in  Tables  4  and 
5. 

c.  Memory  Buffer  And  Location.  The  memory  necessary  for  the  transceiver  con¬ 
sist  of  two  2C0-byte  output  buffers,  "tpackbuf"  and  "pkmess'',  one  10  x  50  byte 
input  buffer,  "pkbuf",  and  one  30-byte  input  buffer,  "rpakbuf." 

d.  Transfer  Protocol.  Serial  communication  is  used  for  data  transmission.  To 
transmit  a  message,  the  serial  communication  status  register  (SCSR)  is  polled 
until  the  transmitter-ready  bit  goes  high  (l).  The  character  to  be  transmitted 
is  then  written  to  the  serial  communication  data  register  (SCDR).  To  receive 
a  message,  the  serial  communication  receiver  interrupts  the  processor  when  a 
character  is  received.  The  interrupt  routine  implements  a  finite  state  machine 
to  recognize  valid  packets. 

e.  Initiation  Condition.  Table  2  indicates  the  general  signal  initiation  conditions. 
The  HHM-to-PMC  RF  transceiver  interface  (IF  DRTG)  is  accessed  at  15 
second  intervals  when  the  HHM  sends  a  CSS  request  for  updated  PMC  infor¬ 
mation.  Two  means  exist  to  initiate  the  PMC-to-HHM  RF  transceiver  inter¬ 
face  (IF  DRTH).  The  interface  can  be  initiated  by  a  data  packet  sent  by  the 
PMC  in  response  to  the  PMC  being  activated  (PPA),  or  by  a  data  packet  sent 
by  the  PMC  in  response  to  an  information  request  from  the  HHM  (PSS). 

f.  Priority  Level.  This  section  is  not  applicable  to  this  interface. 

g.  Expected  Response.  The  interface  table  (Table  2)  shows  the  expected 
responses  for  all  signals. 
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4.  QUALIFICATION  REQUIREMENTS 

4.1  General  Qualification  Requirements.  Both  a  bench  test  (hard  wired)  and  a  func¬ 
tional  test  were  performed  to  verify  the  operation  of  the  PMC-HHM  interface.  See 
Appendix  I  for  details  of  the  testing. 

4.2  Special  Qualification  Requirements.  This  section  is  not  applicable  to  this 
specification. 


6.  NOTES 


6.1  Acronyms.  See  acronym  summary  table  (Table  6). 
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from  PMC-CSCL1  from  HHM-CSCI.2 


from  PMC-CSa.l 


from  HHM-CSCI.2 


FIGURE  1.  Interface  block  diagram 


NOTE: 

IF  -  INTERFACE 
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TABLE  1.  Interface  identijication/documentati 
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TABLE  2.  Interface  summary. 


INTERFACE 

NAME 

INFORMATION 

DESCRIPTION 

INITIATION 

CONDITION 

EXPECTED 

RESPONSE 

PRTA 

Proximity  data 

KWCI  9-to-HWCI  4 

Proximity  receiver 
activated 

PMC  sends 

acknowledge 

packet 

DRTG 

Transmit  data 
serial  communication 

HWCI  13-to-HWCI  6 

Data  packet 
sent  by  HHM 

RF  transceiver 

PMC 

processes 

update 

request 

DRTH 

Transmit  data 

serial  communication 

HWCI  8-to-HWCI  13 

Data  packet 
sent  by  PMC 

RF  transceiver 

HHM 

processes 
packet  for 
display 
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TABLE  3.  Request  for  soldier  status  (CSS)  format. 


DATA  LENGTH 

DATA  TYPE 

CONTENT 

DESCRIPTION 

2  bytes 

ASCII 

"A 

packet  header 

1  to  5  bytes 

ASCII 

1  to  5  digits 

PMC  id  number 

1  byte 

asco 

: 

id  end  marker 

3  bytes 

ASCII 

CSS 

packet  ty^e 

1  byte* 

ASCII 

space  (blank) 

1  byte* 

Ascn 

I 

signals  CSCI  1  response 

2  bytes 

ASCII 

hex  digits 

packet  checksum 

2  bytes 

ASCII 

LfCr 

packet  trailer 

* 


optional 
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TABLE  4.  PMC  positive  acknowledge  (PPA)  format. 


DATA  LENGTH 

DATA  TYPE 

CONTENT 

DESCRIPTION 

2  bytes 

Ascn 

'A 

packet  header 

1  to  5  bytes 

asch 

1  to  5  digits 

PMC  id  number 

1  byte 

asce 

: 

id  end  marker 

3  bytes 

asch 

PPA 

packet  type 

2  bytes 

asch 

hex  digits 

packet  checksum 

2  bytes 

ASCII 

LfCr 

packet  trailer 

TABLE  5-  PMC  soldier  status  (PSS)  format . 


DATA  LENGTH 

DATATYPE  !  CONTENT 

DESCRIPTION 

2  bytes 

ASCII 

- - — 

'A 

packet  header 

1  to  5  bytes 

ASCH 

1  to  5  digits 

PMC  id  number 

1  byte 

Ascn 

id  end  marker 

3  bytes 

ascd 

PSS 

packet  type 

1  byte 

ASCII 

space  (blank) 

1  to  5  bytes 

ASCII 

1  to  5  digits 

evaluation  count 

1  byte 

ascii 

space  (blank) 

1  to  3  bytes 

AS  CD 

1  to  3  digits 

otf-wrist  level 

1  byte 

asch 

space  (blank) 

2  to  3  bytes 

Ascn 

2  to  3  digits 

heart  rate 

1  byte 

asch 

space  (blank) 

1  to  4  bytes 

Ascn 

1  to  4  digits 

motion  count 

1  byte 

AS  CD 

space  (blank) 

1  to  3  bytes 

Ascn 

1  to  3  digits 

A/D  reference  level 

1  byte 

asch 

space  (blank) 

2  bytes 

ASCII 

LfCr 

packet  trailer 

TABLE  6.  Acronym  summary. 


ACRONYM 

MEANING 

CSS 

Request  for  soldier  status 

DRT 

Digital  RF  transceiver 

DRTG 

HHM  DRT  to  PMC  DRT  interface 

DRTH 

PMC  DRT  to  HHM  DRT  interface 

HHM 

Hand  held  monitor 

PMC 

Personal  monitor  communicator 

PPA 

PMC  positive  acknowledge 

PRC 

PMC  proximity  receiver 

PRTA 

PRT  to  PRC  interface 

PRT 

HHM  proximity  transmitter 

PSS 

PMC  soldier  status 
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APPENDIX  I. 

10.  INTERFACE  TEST  SUMMARY 


10.1  Bznch  Test. 

10.1.1  Overview  of  Bench.  Test.  The  serial  communication  signal  lines  of  a  PMC 
and  a  HHM  were  connected  directly  together.  This  connection  served  to  bypass 
the  radio  transceivers.  Temporary  pushbutton  switches  were  attached  to  the 
PMC  proximity  interrupt  and  the  HHM  activate.  Three  tests  were  then  per¬ 
formed  on  the  hard  wired  units. 

10.1.2  General  Results  of  Bench  Test. 

10.1.2.1  Supply  Current  Test.  A  DC  millampmeter  was  connected  in  series  with 
the  PMC  power  supply.  The  power  supply  was  turned  on  and  the  supply  current 
was  measured  and  recorded.  The  PMC  current  value  was  approximately  21  mA. 
After  waiting  for  one  minute,  the  supply  current  was  again  measured  and 
recorded.  At  this  time  the  PMC  CSCI  entered  the  "STOP"  state  and  the  PMC 
current  reading  was  approximately  0.8  mA. 

10.1.2.2  PMC  Activation  Test.  Actual  PMC  activation  was  simulated  oy  pressing 
the  HHM  activate  pushbutton  and  the  PMC  proximity  interrupt  pushbutton  in 
quick  succession.  An  oscilloscope  monitoring  the  HHM  proximity  signal  output 
line  displayed  a  bunt  of  125  KH»  square  waves  when  the  HIM  was  activated. 
The  HHM  display  read 

PMC  #  Activated 

where  #  was  the  identification  number  of  the  PMC.  Monitoring  the  PMC  radio 
power  line  with  an  oscilloscope  showed  the  line  became  active  when  the  PMC  was 
activated. 

10.1.2.3  Status  Test.  The  HHM  would  query  the  activated  PMC  every  15  seconds. 
Initially  the  HHM  would  receive  the  message 

Off  Wrist 

The  oscilloscope  monitorng  the  radio  key  line  verified  prepe*  ration  of  the  line 
for  both  (,he  HHM  and  PMC.  The  PMC  wrist  strap  was  then  4,plied  to  the  wrist 
of  a  subjt-t.  The  subject  remained  still  while  the  HHM  display  was  monitored. 
The  subject's  heart  rate  was  obtained  from  the  subject's  pulse.  This  heart  rate 
was  compared  to  the  results  displayed  by  the  HHM.  The  last  step  was  for  the 


subject  to  intentionally  move  during  data  collection.  During  this  time  the  HHM 
display  reported  motion. 

10.2  Functional  Test. 

10.2.1  Overview  of  Functional  Test.  This  test  checked  the  performance  and  the 
accuracy  of  the  various  PMC3  and  HHMs.  The  units  were  tested  by  strapping  a 
PMC  on  a  subject  and  recording  the  subject's  heart  rate  or  motion  reading  which 
was  displayed  by  the  HHM  every  15  seconds.  The  HHM  heart  rate  was  compared 
with  the  subject’s  actual  heart  rate  which  was  obtained  by  feeling  the  subject’s 
pulse.  Each  PMC  was  tested  continuously  for  a  period  of  90  minutes.  The  test¬ 
ing  occurred  while  the  subject  was  resting,  w  Iking,  resting  after  walking,  run¬ 
ning,  and  resting  after  running.  All  delivered  PMCs  and  HHMs  were  tested. 

10.2.2  General  Results  of  Functional  Test.  The  PMCs  and  HHMs  generally  per¬ 
formed  as  expected.  Accurate  heart  rates  were  obtained  when  the  subject  was 
resting  and  when  the  subject  was  resting  after  walking.  Some  heart  rates 
transmitted  during  light  walking  were  accurate.  Most  motion  caused  the  HHM  to 
display  a  motion  reading  rather  than  a  heart  rate  value.  Running  produced  the 

Heavy  Motion 

message  to  appear.  Following  exercise,  the  PMC  occasionally  transmitted  heart 
rates  less  than  60  bpm  where  heart  rates  in  the  range  of  120  bpm  were  expected. 
Such  readings  probably  resulted  by  the  impedance  signals  due  to  the  heavy 
breathing  mixing  with  the  impedance  signals  due  to  the  heart  pumping  blood. 
The  HHM  had  no  problem  in  obtaining  information  from  the  PMC 
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/*  7 

/*  Multiple  Casualty  Monitor 
/*  Ver.  1.0 

r  v 

/*  fej  1989  Purdue  University 

/'  7 

#include  <stdio.h> 

#inelude  <hllreg.h> 

#inelnde  <bmec.h> 

#inrlude  <terminal.h> 

/*  display  handler  declarations  */ 

#include  "dispdec.h" 

#define  LF  10 

#define  CR  13 

# define  PROXVAL  200 
#define  PROXMIN  5 

#  define  MAXID  S 

#definc  MAXRETRIES  3  /*  maiimum  number  of  retries  */ 

# define  EVALTIME  IS  /*  time  for  PMC  to  complete  an  evaluation  */ 

/*  Received  packet  statuses  * / 

# define  GOODPAK  1 
# define  BADCHK  2 
#define  BADPAK  3 
#dcfine  TIMEOUT  -1 

#  define  ACTIVE  1 
#define  INACTIVE  0 

# define  SHOW  1 
# define  NOSHOW  0 

# define  MOTIONLT  1 
#defin«  MOTIONMOD  2 
#defina  MOTIONHVY  3 


/*  structure  used  to  set  up  serial  interface  */ 
■tenet  ioctl  *ttyb; 


char 

int 

int 

int 

int 

char 


char 

char 

int 

int 

int 

char 


cl  k  SO; 
dcount; 

stcount; 

scount; 

etime, 

tpa.k  buf  [  20Oi ; 


rpakbuf(50|; 
•pskptr; 
r  state; 

chktnm; 

rchksum; 

liaejSO]; 


/*  so  HZ  counter  for  real  time  clock  */ 

/*  SO  HZ  down  counter  for  general  purpose 

*  timing  ‘ / 

/*  SO  HZ  down  counter  for  status  timing  */ 
/*  50  HZ  down  counter  for  sleep  routine  */ 
/*  i  HZ  evaluation  time  counter  */ 

/*  buffer  to  construct  packets  for 

*  transmission  */ 

/*  buffer  to  store  received  packets  * / 

/*  pointer  to  receive  packet  buffer  */ 

/*  state  of  receive  packet  finite  satate 

*  machine  */ 

/*  check  lum  calculated  on  received  packets  '/ 
/*  check  sum  included  in  received  packets  */ 

/*  *«//rr  for  display  messages  */ 


7 

7 

7 
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/*  soldier  status  values  returned  from  a 


int 

evnum; 

int 

offw; 

int 

hrate; 

int 

batt; 

int 

mocouct; 

int 

'd; 

int 

ad  flag; 

int 

adval; 

int 

retries; 

int 

first; 

char 

*s; 

char 

clksec; 

char 

clkmm; 

char 

elkir; 

/*  CC  ears  */ 

#define 

NIAXCAS  :o 

#define 

WIN  SIZE  10 

#define 

HR  HI  90 

#  define 

HR  LOW  50 

#define 

HR  _  MIN  30 

#  define 

STIMEOUT  12 

#define 

DTIMEOUT  8 

char 

addral; 

char 

delval; 

char 

upval; 

ehar 

dnral; 

char 

hlpval; 

char 

addlast; 

char 

dellast; 

char 

uplast; 

ehar 

dnlajt; 

char 

.  hlplast; 

ehar 

addstate; 

ehar 

delstate; 

char 

upstate; 

ehar 

dnstate; 

char 

hlpstate, 

char 

addflag; 

char 

del  flag; 

char 

upflag; 

char 

dnflag, 

char 

hlpflag; 

lat 

rralflag; 

lot 

ncaj; 

int 

curru; 

int 

cuptr; 

P  1C  '/ 

/*  evaluation  number  */ 

/*  PMC  off  wrist  flag  */ 

/*  Aeart  rate  */ 

/'  battery  voltage  */ 

/*  motion  counter  */ 

/*  P.V/C  ID  V 

/*  enable  A/D  conversion  flag  */ 

/*  oaiue  /rom  ,4/Z)  concerjion  '/ 

/*  number  of  reties  for  communication  *f 

/*  //ay  to  mar*  /int  evaluation  cycle  for  a 
*  R.WC  */ 


/'  pushbutton  current  value  */ 

/*  DEL  pushbutton  current  value  */ 

/*  UP  pushbutton  current  value  */ 

/*  DWN  pushbutton  current  value  */ 
/*  /fLR  pushbutton  current  value  */ 

/*  XjPD  pushbutton  last  value  '/ 

/*  Z)£i  pushbutton  last  value  '/ 

/*  t/P  pushbutton  last  value  '/ 

/*  DWS  pushbutton  last  value  */ 

/*  HLP  pushbutton  last  value  ' / 

/*  ADD  pushbutton  state  */ 

/*  yueAiutton  itatr  */ 

/*  UP  pushbutton  state  */ 

/*  DWy  pushbutton  ita'e  '/ 

/*  HLP  pushbutton  state  */ 

/*  yueAAutton  //ay  */ 

/*  PEL  yuiAiutton  //ay  */ 

/*  bP  yueAiutton  //ay  */ 

/*  DWy  pushbutton  flag  '/ 

/*  HLP  pushbutton  flag  '/ 

/*  evaluate  flag  */ 

/'  current  numier  0/  casualties  */ 

/*  current  polled  casualty  */ 

/*  casualty  pointed  to  by  cursor  */ 
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int  nextcasid; 

struct  cas  { 
int 
int 
int 
int 

struct  { 

unsigned 
unsigned 


/*  next  mailt  cand  number  */ 


} 


} 


casid; 

pmcid; 

ercum,  offw,  hrate,  batt,  mocount; 
inhib; 


krhi:l,  hrlow:l,  iowpulse:l,  offwrist:l,  battiow:l,  motion:2; 
pakerr:l,  timeout:l; 

s  tat; 

casualty  [MAXCASj; 


char 


* NO  ", 
"YES", 
"YES", 
"YES" 


}; 

char 


*motion_str[]  =  { 


*stat_str(]  =  { 


"HRT  RATE  HIGH", 
"HRT  RATE  LOW", 
"LOW  PULSE", 

"OFF  WRIST", 
"BATTERY  LOW", 
"COM  ERROR", 
"COM  LOST" 


char  null_hr_itr(]  =  ’TIT ; 

/*  routine  declaration. i  */ 

▼•id  int_setup(); 

_mod2 Ytid  OClINTO; 

_ mod2 r*id  INTINTO; 

mais() 

{ 


/*  turn  rf  tranemitier  off  */ 
lcey{0); 

/*  initialize  keyboard  */ 

HllPACTL  =  0x80  |  HllPACTL, 
H11PORTA  =  OxDO  |  HllPORTA; 
kbclr(); 

/*  initialize  variables  */ 
casptr  =  0; 
ucas  =  0; 
oextcand  =  1; 
eralflag  =»  0; 
curcas  —  0; 

/*  eel  up  mterupts  */ 

int_sstup(); 

/*  set  up  serial  port  * / 

tty_setujK)i 

/*  tnilitltze  LCD  display  */ 

disp_init(); 

dcursor(O); 

dcurssiie^3); 

wmaks(t,  W1N_SIZE); 


main 
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...main 

/*  Paver  up  menage  */ 
heip_screen(); 
pn:c_scre€n(); 
pmc_show(); 

/'  turn  on  A/D  converter  '/ 
adon(); 

/'  main  prove  sung  loop  '/ 
while  (l)  { 

/*  proeeu  any  button  puekei  '/ 
if  (addflag)  { 
addeas(); 
pmc_show(); 
addflag  =  0; 

}  else  if  (dtlflag)  { 
delcas(); 
pmc_thow(); 
delflag  =  0; 

}  else  if  (hipflag)  { 
hipflag  =  0; 
help_screea()1 
pmc_jcreeo(); 
pmc_jhow(j, 

}  else  if  (arTows()) 
pmc_show(); 
check  _caa{SHOW); 

if  (adval  >  =  M  ScSe  itcouat  ——  C)  { 

sprinlf(liae,  "Low  Multamomtor  Battery'); 
dstatus(line); 

} 

stat  clr(); 

> 

} 

Jl«*p(i)  Sleep 

ink  i; 

{ 

acount  =i  '50; 
while  (scount); 


prox()  prOX 

{ 

HllPORTA  |=  0x20; 
dcouot  —  S; 
while  (dcount); 

HllPORTA  St-  Oxdf; 


dopjxQ 


1st 

rhar 


/'  reeievt  a  PMC  Soldier  Statue  ’/ 


j; 


fee*  (j  »  0;  rpakbufljj  !=  j++); 

if  (attnc£ap(&rpakb  '[j  +  1|,  "PSS*,  3)  ’=  0) 

retara  (0), 

i  *  I  H; 

»  s*  trpakbuflj]; 

**eanf(t,  "%d  %d  %d  %d  %d  %d",  Aevnum,  Aoffw,  Ahrate,  Aaiocount,  Abatt); 


catualty 
catualty 
caauaity 
catualty 
catualty 
craualtyjcureaa 
catualtyjcurcat 


curcaa 

curcaa 

curcaa 

curcaa 

curcaa 


amum  *  rraura; 
.offw  *■  offw; 
hr  at*  *■  hr  ate; 
.mocount  me  mocount; 
batt  -w  batt; 
itat.hrhi  m  0; 
ttat.hrlow  en  0; 


dopss 
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...dopss 


casualty  curcas 
casualty  curcas 
casualty  curcas 
casual  tyicurcas 


=  i; 

0; 


.stat.iowpulse  =  0; 

.stat.offwrist  =  0; 

.stat.battlow  =  0; 
stat.mofioa  =  X; 
if  foffw'  >  190)  { 

casual  tyjcurcasj. stat.offwrist 
casualtyjcurcasj. hrate  =  0; 
casualty|curcasj. mocount  = 

}  «!•«  { 

if  (mocount  >=  1  mocount  <  10)  { 
casualty(curca$j.siai..  mouon  =  2; 

}  iIm  if  (mocount  >=  10  &&  mocount  <  2S)  { 
casual ty (curcas)  .stat.motioa  =  3;  . 

}  else  if  (mocount  >=  2S)  { 

casualtyicurcas|.stat.moticn  —  4; 

if  ((hrate  ==  0)  ||  (hrate  ==  -4))  { 

casmltyjcurcasl.  stat.iowpulse  =  1; 

}  else  if  ((hrate  >  0)  &&  (hrate  <=  HR_LOW))  { 

casuaity(curcasj.sttt.hricw  =  1; 

alarm(2); 

}  dec  if  (hrate  >=  HR_H1)  { 
casualty(curcasl.stat.hrhi  =  1; 
alarm(3); 

} 


if  (batt  >=  88)  { 

casualtylcurcasjstat.battlow  =  1; 


} 


return  (l); 


doppa() 

{ 


/*  do  Poiitiu  Ptcktt  Acknoaltdg *  */ 

iat  jl 

char  *s; 

iat 

fur  (j  =  0;  rpakbufljj  '=  j++)i 

if  (sttncmp(&rpakbuf!j  +  I  j.  *PPA",  3)  1=  0) 

rctu.n  (0); 


doppa 


} 


while  (isdi(it(rpakbuf!j 
J — ; 

s  =  ftrpakbufljj, 
«scanf(s,  ~%d",  &Iid); 

return  (lid); 


char 

'pk, 

iat 

i; 

char 

*p; 

P  -  ph; 

fur  (i  »  0; 

‘p.  p+*) 

1  s»  | 

i  +  ‘p; 

Ml) 


docssiid) 

iat  id. 

(  char 

p  ttpakbuf(O); 
spriatf(p,  “*A%d  ilSS  I",  id); 

sendpak(p), 

} 

■esdpak(pk) 


docss 


/*  tind  out  Control  Soldior  Status  guory  */ 


sendpak 


«•  iA.At I  into 


Pagt  5  of  rrnn.e 


mmc 


mm.c 


i  =  i  &  Oxff; 

*?  =  (i  »  4)  +  'O', 

if  (*p  >  '9') 

*P  =  *P  +  7; 

p-t-f; 

“p  =  ji  4  Oxf)  +  '0' 

if  (*?  >  '9') 

*P  =  *P  +  7; 

P-H-i 

*P  =  LF; 

P+-r; 

*p  =  CR; 

P-^+i 
*p  =  0; 

Mi); 

dcount  =  10; 

/*  wkiltf icount'r  */ 
wajtdQ; 
p  =  pit; 
pkputc(  '\r '); 
pkputcf  'X'); 
wbil*  (*pj  { 

pkputc(  *p); 

p-*"*r; 

} 

pkputc(CR); 

pkputqCR); 

key(O); 


pkputc(t) 

char  c 

{ 

putchar(c), 


getpacket(  timeout,  Dktype,  id) 


int 

timeout, 

ebar 

•pktype; 

iot 

>d, 

int 

done,  c,  j, 

ebar 

'j; 

■state  = 

=  0; 

c.hkrum 

=  0; 

pakptr 

=  irpakbuflOl, 

'  Oil  lit 

=  timeout  *  50, 

,  -ne  = 

0; 

while 

(1)  { 

while  (com_rdy()  =  =  o) 

if  (checkd()  =  =  0) 

retara  (TIMEOUT), 
c  =  fetch  ar()  &  Cx7f, 

/*  ipute(c),  */ 

/*  dctrt(OUO),  */ 

■witch  (rstate)  { 

UN  0 

if  (c  ==  ■*■)  ( 

*p»kptr-f+  =  c; 
ehkium  +=■  c; 
rstate  =  i, 

) 

break 

«4»t  1; 

if  (c  nai  '  ~ 


...sendpak 


pkputc 


getpacket 
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...getpacket 


) 


) 


break; 

if  (c  ==  A')  { 

*paJcptr++  =  c; 
chksum  •*•=  c; 
rstate  =  2; 

}  else 

pkabort(); 

break; 
case  2; 

if  (c  ==  LF  1 1  c  =  =  CR)  { 

“pakptx  =  0; 

5  =  pikptr; 

* — ; 

j»canf(i,  ’%*.  &rchksum); 
chksum  Vr+; 

chksum  -=  **; 
chksum  ~  chksum  &  Oxff; 

V—  =  0, 

‘1  =  0; 

if  (chksum  i=  rchksum) 
pk»bort(); 

eiae  {  ... 

far  (j  =  0;  rp*kbuf!j|  1  =  ;  J++); 

if  (stmcmp( &rp»kbuf  |j  +  l|,  pktype,  3)  =— 

while  (iidi{it(rpakbuf[j  -  1|}) 

1  =  &rp»kbuftj|; 

■canffi,  '%&■',  fclid); 
if  ((lid  ==  id)  ||  (id  =*>  0)) 
retara  (GOODPAK); 

) 

/*  not  oar  par  kit,  tan  it  «»«»  V 
pk»bcrt(); 

}  alee  { 

*p*kptr++  =  c; 
chksum  +=  c; 

) 

break; 

if  (pakpbr  >=  ftrp»kbuf!«l) 
pk»bort(); 


pkibort)) 

pikptr  =  krpakbufjOj, 
chksum  =  0; 
riuu  aa  0; 


pkabort 


mod2  told 

ftfriNTO" 

( 

) 

key(i) 

iat  i; 

{  if  (i  —  0) 

HUPORTA  |=  0*08; 

flN 


INTINT 

key 


*»  .  t  we 


mm.c 
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HllPORTA  k—  0xF7; 

} 

_ modi _ void 

OClIN'T;' 

{ 


...key 

0C1INT 


HllTFLGl  -  0x80; 

HUTOCl  +=  0x9c40, 

HllCOPRST  =  0x55, 

HllCOPRST  =  0x»»; 

/*  check  and  deb  ounce  keys  (ktyt  art  ac.'tsx  !ou>)  */ 
if  (((HllPORTA  k  0x04)  ==  0)) 
hlprxi  =  ACTIVE, 

cIm 

hlpvil  =  INACTIVE; 
if  (cik50  k  0x01)  { 

if  (((HllPORTA  k  0x01)  ==  0)) 
dnvil  =  ACTIVE, 

•loo 

davit  =  INACTIVE, 
if  (((HllPORTA  k  0x02)  ==  0)) 
uprxl  =  ACTIVE, 

•Im 

upvi)  =  INACTIVE. 

/*  it.  up  for  nett  read  */ 

HllPORTA  =  0x40  )  (HllPORTA  k  0x3F), 

)  «<•«  ( 

if  (((HllPORTA  k  0x01)  ==  01) 
delvil  =  ACTIVE, 

•!m 

d«lvil  =  INACTIVE, 
if  (((HllPORTA  k  0x02)  ==  0)) 
iddvil  as  ACTrVE, 

•Im 

iddvil  =  INACTIVE 
/*  eet  up  for  n»i(  read  */ 

HllPORTA  =  0x80  |  (HllPORTA  *  OxJF), 

) 

if  ,'blpvil  +•  davit  v  u pxxj  -f  dvivil  4-  iddvil  >  1)  ( 

uipvi!  -  INACTIVE, 
davit  =  INACTIVE, 

’jpvxJ  =  INACTIVE, 
delvil  =3  INACTIVE, 
iddvil  =  INACTIVE. 

) 

dcV-rf  Ablpvil,  <&Mplnt,  ♦  blpxtite,  fth!pf!»(c), 
dokeyl  Adnvil,  <ftdol.jt,  Adattit*.  ftdaflifl. 
dokeyl Aupv»l,  4upli»t,  AupitiW.  Aupfiii), 
dokey(4d«lvil,  4d*ilut,  Adeiilit*,  ^deiftn), 
doxeyj&iddvil,  Aiddlut,  Aidditit*.  Aiddftxf), 
if  (»d flu  kk  elk 50  =  =.  0)  ( 

H11ADCTL  =»  0x10, 

wkila  (H11ADCTL  k  0x80  31, 

id vii  -  HllADRl, 

) 

if  'deouat) 

dcount — , 
if  (iteount) 

•tcouot - , 

If  (xcouat) 

•count  — , 
dkSO-e-t-, 

If  (ctkSO  >~  SO)  ( 
dk»*c  +  4-, 


mm.c 


mm.c 


...OClINT 

c!k50  =  0; 
etime-H-; 

if  (clksec  >=  90)  { 
cllcn.ini-r; 
clksec  =  0; 

} 

if  (clkrnia  >—  90)  { 
cikhr-t-r; 
cikmin  =  0; 

} 

} 

dokeyfral,  last,  state,  fiat)  dokey 

char  *xal,  last,  “state,  "flas; 

!  if  (‘state  ==  INACTIVE)  { 

if  (Sal  ===  ACTIVE  &&  last  as«=  ACTIVE)  { 

“state  =  ACTIVE; 

“flat  =  ACTIVE; 

} 

}  *!•*  { 

if  ( “vai  aa  INACTIVE  &&  last  =  -  INACTIVE  &&  fla*  ==  INACTIVE)  { 

‘state  =  INACTIVE; 

} 

} 

last  as  *ral; 


modi  _  raid 

copintH 

{  dstatusO("COP  RESET!"); 

) 

raid 

iat  setup!) 

_ mod2  v*U  OClINTf); 

mod2  raid  INTINTf); 

mcd2  raid  COP!NT(); 

raid  ““  VECT0R(); 

dcouat  SB  0; 
tcouat  =a  0; 
stcouat  as  0; 
ftime  s»  0; 

VECTORf OClINT,  9); 

VECTOR!  INTINT,  14); 
VECTORf  COPINT,  17); 
VECTOR(COPlNT,  t»); 
HllTOCl  -  0; 

HUTMSKl  |«  0t«0; 

i 

i 

tty  setup!) 

{  ' 

chktum  aa  0; 
rcbksum  “  0; 
ntata  m  0; 
opea(), 

Hi  1  BAUD  as  0x49, 
ioetl(ttyb,  GETP ARAMS); 
ttyb->ia  naee  CTRL!  H  ); 
tty  b->i#~  kill  -  CTRLf  U  ); 


COPINT 


intsetup 


tty-setup 


mm.c 


mm.c 


ttyb->io  flags  =  RAW 
ioctl(ttyb,~SETP  ARAMS), 


com_rdy() 

{ 

if  (HllSCSR  Sr  0x20) 

return  (1); 

else 

return  (0); 

> 

tdon() 

{ 

HllOPTION  1=  0x80; 
HllPORTA  |=  0x10; 
a-iflag  =  1; 


adoff() 

i 

HllOPTION  £=-  0x7F; 
HllPORTA  &=  0x£F ; 
adflag  —  0; 


. . . 

r  v 

/*  GG  routines 

/•  7 

/***•* . 

help_scxeen() 

{ 

nclj(), 

ns*Uttr(DISP_NORM); 

nmesaageiO,  0,  "  Multiple  Casualty  Monitor 
nmcsatgeil,  0, 

0,  "INSTRUCTIONS 
nme»»gW3,  0, 
as*Uttr(DISP_REV); 

nme*aagel3,  0,  "To  Add  Casualty  To  List  "), 
ns*Uttr(DISP_NORM), 
amessageM,  0,  ”*  Put  MM  near  PMC.  Pr.tt  <-'ADD>“), 
nmessageiS,  0,  "*  Wait  tor  \?MC  ACTTVATEDy" 

B,  0,  Label  body  with  number  shown  ). 


nm«sagei7,  0,  "  '1, 

n**tjttr(DISP_REV), 

nm*ssage|7,  0,  "To  Delete  Casualty  from  List  "), 
a**Uttr(D!SP_NORM), 

ameesagelB,  0,  "*  Us*  arrow  key*  to  select 

Dm*e*age<9,  0,  "  casualty  to  b*  d*i«t*d  "), 

ameesageflO,  0,  "*  Press  <  DELETE  >,  the  message  "), 

a  message  1 1,  0,  "  \"C0NF1RM  DELETION\"  apperrs  "1 

nmensagel  12,  0,  ’•  Pren*  <DF.LETE>  agaia  '). 

ntn*o«*ge<I3,  0.  *  “) 

B**tattr(DISP_REV), 

am****gs(13,  0,  "To  S**  Thu  Screen  "), 

ns*Uttr(DISP  NORM), 

0,  "*  Frees  .HELP>  -) 

as*c*ttr(n(SP_RBLINK), 

a  message!  15,  0,  "Pres*  any  key  to  exit  HELP  ") 

aseUttr(DlSP_NORM), 

dupdat*<); 

white  CkeyhitO) 


/*  pou.tr  up  o/d  '/ 

/*  power  up  wnttz  circuit  */ 


/'  powtr  down  a/i  */ 

/*  powtr  up  wmtz  circuit  */ 


7 

7 


...tty-setup 


corrt-rdy 


adon 


adoff 


7 

hcipscreen 


mm.c 


mm.c 


check  _cas(NOSHOW); 

sletp(l); 
if  (addflag)  { 

icbcirl); 

addflag  =  TRUE, 

}  else 

kbcir(); 

stcount  =  STIMEOUT  *  SO; 


piac_jcreen() 

{ 

nsetattr\DISP_REV); 

amessag e(0,  0,  “  Multiple  Casualty  Monitor  "); 
ueUttr(DISP  NORM); 

nmessagetl,  0,  "CAL’S  HEART  MOT.  STATUS  "); 


amessage(2,  0,  "  NO.  RATE  *); 

amessage(3,  0,  " - "); 

nmessage(M,  0,  " — — - — - - — - — — "); 

asetattr!DISP_REV), 


amesiageOS,  0,  Tres*  <HELP>  for  instruction*  "); 
asetattr(DiSP_NORM); 

*s«tattx(DlSP_NORM); 


wcls(); 

mc_show() 

ini 

i; 

ini 

b; 

1st 

status; 

char 

hr_str[S 

cb«r 

*hr_sptr; 

...helpscreen 


pmcscreen 


pmeshow 


/*  i. Utt  window  tf  ntccimr)  */ 
if  (a  s»  offwin(caaptr))  { 
if  (a  >  0) 

wscrollup(a); 

else 

wscrolldown(-a); 

) 

/*  duplay  cauoltm  */ 

dorrorel); 

fsr  (i  =  0;  i  <  ncaa;  i-f-f)  { 
wsetWxtpo^i,  0), 
if  (status  -a  m»xstai|i))  { 
if  (;  —  =  caaptr) 

»seUttr(DISP_RBLIN*K), 

else 

w*«t*ttr(DlSP  BLINK), 

)  ••-  { 

if  (i  mm  easptr) 

w**tattr(DISP  REV), 

•Isa 

’»MUttr(OISP_NORM), 

If  (cMualtyji]  hraU  >  HR  _  MIN)  { 

sprtatf(hr_str,  ca*uaily(ij  hrau); 

hr  sptr  =»  hr  itr; 

)  ( 

hr  sptr  anil  hr  str; 

) 

spriatf(liae,  "  3S0Jd  %S%  %3s  %  -lii',  ca*uaU;-ji|  f.asid, 

hr motjoa_itr!ca*u*ltylij.iUt .rooUoa|, 
s^t^itrisutcsj),  “ 


mrn.c 


mm.c 


s»puts(line); 

> 

wupdate(); 


...pmcshow 


pmc_  jhow!(i) 

int 

{ 

Sat 

char 

char 


status; 

hr_strjSj; 

'hr_sptr, 


/*  alter  window  if  neeceteary  */ 

/* 

'  i f(n  =  offwin(catptr)){  i f(n  >  0)  wterollup(n),  elte  muroildown(-n); 

7 

/*  update  caualtj  window  */ 
wsett«tpo»(i,  0); 
if  (status  =  maxstat(i))  { 
if  (i  as  as  ca-ptr) 

ws«tattr(DISP  RBUNK); 

alaa 

wsetattr(DISP  BLINK), 

)  cia.  { 

if  (i  ==  casptr) 

ws«tattr(DISP  REV), 

claa 

»satattr(DISP  NORM); 

} 

if  (casualty  ;il  hrate  >  30)  ( 

sprintf(hr_str,  casualty;]!  bratc), 

hr  sptr  =  hr  str; 

> r 

hr  sptr  =  null  hr  str, 

}  "  " 

soriatffnaa,  ?o03d  fo3s  ^o3s  %--14s*,  casualty  n  casid, 
hr_sptr,  motion_str  casualty  i)  stal  motion', 
stat  str  (status;), 

wpufs(hne); 

wupvjln(i); 


pmcshowl 


dstatus<s) 

char  as, 

{ 

o«cUttr(DISP  REV), 
n*atte*tpos(lS,  0), 
aputil" 

nscttr*tpos(lS,  0), 

oputstsl, 

dupdla(lS); 

itcount  -  3TIMEOUT  *  SO, 

} 

d*tatusO(«) 

char  *l, 

( 

osctattrfDISP  REV), 

asctt**tpoc(  1  $7  0); 

nputs('  -j, 

n»cttcitpos( IS,  0); 

aputsli), 

dupdln(lS); 

stcouat  *  STIMEOUT  '  SO 


dstatus 


/  '  display  statue  message  /full  line)  */ 


1. 


dstatusO 


/'  display  primary  statu  message  (half  line)  */ 


mm.c 


mm.c 


...dstatusO 


dstatusl(s) 

char  's; 

{  /'  display  secondary  status  message  (half 

*  line)  '/ 

asetattr{DISP_REV); 

asettextpos(  15,  15); 

nputs("  "); 

asettextpcs(lS,  15); 

nputs(s); 

aupdla(15); 

stcount  =  STIMEOUT  *  50- 

} 

stafc_dr() 

{ 

if  (stcount  ==  0)  { 

nsetattr(DISP_REV); 
asettextpos(  IS,  0); 
nputs{" 
dupd!n(15); 

}  } 


offwin(pos) 

iot 


{ 

int 


pos; 

i; 


/  return  scroll  to  get  vnndoto  p .  s  on  screen  V 


) 


i  =  wgetorgf); 
if  (pos  <  i) 

return  (pos  —  i); 
ir  (pcs  >  WIN_SIZE  -^1-1) 
return  (pos  -  (WIN_SIZE 
return  (0); 


/*  sel  dn  neg 

+  i  -  i)); 


7 


lawis(pos) 

int 


int 


pos; 

/*  return  display  row  of  window  pos  f—1  if 
•  not  sis)  */ 


i  —  wgetorgQ; 
if  (pos  <  i) 

return  (-1); 

ir  I  pos  >  \VI.N_SIZE  +  i  -  1) 
return  (-1), 

return  (W ia_row_dorg  r  pos  -  i); 


dstatusl 


stat-clr 


offwin 


inwin 


domore)) 

! 

ini 


domore 


i  =  wgetorgf); 
aseuttr(D!SP  NORM); 
if  (i  >  0)  r 

nmessage(3,  0,  ’* - '-More-* 

aputattr(3,  12,  DISP  REV); 
nputattx(3,  13,  DISP'REV); 
npuUttr(3,  H,  DISP~REV); 

BpuUttr(3,  IS,  DIdP-REV); 

)  else 
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...domort 


nmessage(3,  0,  ’ - 

if  (ncas  >  i  +  W1N_SIZE)  { 

nmessage(l4,  0,  "t - - 

nputattr(14,  12,  DISP_REV), 
nputattr(14,  13,  DISP_REV), 
npuuttr(14,  H,  DISP_REV); 
nputattr(i4,  15,  DlSP^RE'v), 

}  else 

nmessage(l4,  0,  “ - 


1. 


O; 


/*  tty  board  routine)  ‘ / 
keyhitQ 

^  if  (hlpflag  ||  dnflag 
return  (l)i 

elee 

return  (0); 


} 


upflag  ||  delflag  ||  addflag) 


kbclr() 

^  addlast  =  INACTIVE; 
del  last  ~  INACTIVE; 
uplast  =  INACTIVE, 
dnlast  =  INACTIVE, 
hlplast  =  INACTIVE, 
addllag  —  INACTIVE, 
delflag  =  INACTIVE, 
upflag  =  INACTIVE, 
dnflag  —  INACTIVE, 
hlpflag  =•  INACTIVE, 
addstate  =  INACTIVE; 
delstate  =  INACTIVE, 
upstate  =  INACTIVE; 
dnstate  =  INACTIVE, 
hlpst»f<  =  INACTIVE, 

} 


arrows() 

if  (upflag  ||  dnflag)  { 
if  (upflag)  { 

upflag  =  0; 
if  (casptr  >  0) 
casptr — ; 

)  else  if  (dnflag)  { 
dnflag  =  0, 
if  (casptr  <  ncas  -  1) 
casptr++; 

} 

return  (1), 

> 

return  (0), 

} 


addeasf) 

< 

int  status, 

iot  n. 

dstatusf  "Attempting  PMC  Activation'); 
if  (ncas  >=  MAXCAS)  { 

dstatui("Limit  Exceeded  -  PMC  Not  Added  ), 


key  hit 


kbclr 


arrows 


addeas 
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...addcas 

sleep(l); 

return; 

} 

/*  attempt  PMC  activation  */ 
retries  =  0; 

do  { 

/*  pulse  proximity  transmitter  */ 
prox(); 

/*  check  for  PMC  response  '/ 
status  =  getpacket{2,  "PPA",  0); 
fifdef  BENCH 

dstatus(rpakbuf); 

#endif 

if  (status  ==  GOODPAK) 
id  =  doppa(); 
retries-H-; 

/*  repeat  activation  attempt  until  sucetsful  or  too  * / 

/*  many  retries  */ 

}  while  ((status  !=  GOODPAK  ||  id  ==  0)  &&  retries  <  MAXRETRIES); 
if  (retries  >==  MAXRETRIES) 
id  =  0; 
addfiag  =  0; 

/*  if  id  =  =  0  then  activation  was  unsucessful  */ 
if  (id  ==  0)  { 

dstatus(  "ERROR — Repeat  Activate  Steps'); 
sleep(l); 

dstatus("Put  MM  Near  PMC,  Press  <ADD>'); 

}  else  if  ((n  =  inlist(id))  !=  —1)  { 

/*  previously  activated  PMC  */ 
if  (casualty(nj.stat.timeout  ==  1)  { 
dstatusTCasualty  Reactivated"); 
casualtyinj.stat.timeout  =  0; 
sleep(l); 

}  «*■«  { 

dstatus("Casuaity  Already  Active"); 
sleep(i); 

} 

}  «1~  ( 

casualty  ncas  pmcid  —  id; 
casualty  ncas  casid  =  nextcasid; 
casualty  ncas  .evnum  =  0; 
casualty  ncas  offw  =  0; 
casualty  ncas  hrate  —  o, 
casualty  ncas  .batt  —  0; 
casualty  ncas  .mocount  =  0; 
casualty  ncas  inhib  =  l; 
casualty  ncas  stat  hrhi  =  0; 
casualty  ncas  stat  hrlow  =  0; 
casualty  ncas  stat.lowpulse  =  0; 
casualty  ncas  stat.offwrist  =  0; 
casualty  ncas  stat.battlow  =  0; 
casualty  ncas  stat.motion  =  0; 
casualty  ncas  .stat.pakerr  =  0; 
casualty  ncas  .stat.timeout  =  0; 
casptr  =  acas++; 

iprintffline,  "PMC  %d  ACTIVATED",  id); 

dstatus(lin«); 

sl««p(l); 

sprintf(line,  "MARK  CASUALTY  WITH  #SS03d“,  aextcasid++); 
dstatus(lin«); 

} 

> 

delcas()  dclcQS 

{ 
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if  (ncas  >  0)  { 

f*  confirm  delete  */ 

dstatus(”Hit  <DELETE>  to  Confirm"); 

delflag  =  0; 

dcount  =  DTIMEOUT  *  50; 
while  ( '  key  hi  tf )  &.&  dcount); 
if  (delflag)  { 

removecas(); 

dstatus(""), 

}  else 

dstatus("Casualty  Not  Deleted”); 

}  else 

dstatusf'No  Casualties  to  Delete"); 

removecasQ 

{ 

•"*  i,  j; 

ncas — ; 

fo'  (i  =  casptr;  i  <  ncas;  i-b-i-)  { 

j  =  i  +  1; 

casualty  i  .casid  =  casualtyjjj.casid; 

casualty  i  .pmcid  =  casualtylj]  .pmcid; 

casualty  i  .evnum  =  casualty(j|.evnum; 

casualty  i  offw  =  casualtylj], offw; 

casualty  i  .hrate  =  casualtyjjj.hrate; 

casualty  i  batt  =  casuaityjjj.batt; 

casualty  i  mocount  =  casualtylj]  mocount: 

casualty  i  .stat.hrhi  ■=  casual tyjj  stat.hrhi; 

casualty  i  .stat.hrlow  —  casualty'j]  stat.hrlow; 

casualty  i  .stat.lowpulse  =  casuaityjl. stat.lowpulse; 

casualty  i  .stat.offwrist  =  casualtylj], stat  off  wrist, 

casualty  i  .rtat.battlow  =  casualtylj], stat.battlow; 

casualty  i  .stat. motion  =  casualtyjj|  stat. motion; 

casualty  ij. stat. pakerr  =  casualty  j]  stat. pakerr; 

casualty  i|. stat. timeout  =  casualtylj]  stat, timeout; 

wsetattr(DISP_NORM); 

wcln(ncas); 

if  (casptr  >  ncas  -  1) 

casptr  =  ncas  -  1; 

) 

check_cas(showmode) 

int  showmode, 

{ 

i»t  cursrow, 

if  (etime  >=  EVALT1ME)  ( 
evalflag  =  1; 

•time  =  0; 

} 

if  (evalflag)  { 

If  (curcas  <  ncaj)  { 

if  (casual  tylcurcasj.inbib) 

cuualtyjcurcas|.inhib  =  0, 

else 

getstatusfcasual  ty  (cureasj .  pmcid), 
if  (ihowmode  tk  ((cursrow  =  inwm(curcas))  '=  -1))  { 
/*  do  eanor,  fet  and  ihou  etatue  ‘ / 
d**tcurspos(cursrow,  0), 
dcursor(l); 
pnae_showl(curcas); 


...delcas 


removecas 


check-cas 
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...eh  tcL.cas 

dcursor(O); 

} 

curcas-H-; 

}  eI»«  { 

curcas  =  0; 
evalflag  =  0; 

} 

> 

} 

getstatus(id)  QStstdtUS 

int  id; 

{ 

int  status; 


retries  =  0; 

casualty  curcas  .stat.pakerr  =  0; 
casualty  curca3  .stat.timeout  =  0; 

do  { 

docss(id); 

status  =  getpacket(2,  "PSS”,  id); 
retries-H-; 

}  while  (status  \—  GOODPaK  &&  retries  <  MAXRETRIES); 
if  (retries  <  MAXRETRIES) 
dopss(); 

else  ( 

casualtyjcurcas).  stat.timeout  —  1; 

) 

} 


iniistiid) 

int  id; 

{  /*  return  cost'd  if  pmctd  is  in  casualty  list  */ 

int  i; 


inlist 


for  (i  =  0;  i  <  ncas;  i-H-)  { 

if  (casualtyjij.pmcid  ==  id) 

return  (i); 

> 

return  (-1); 


alarm(ubeeps)  dldTTTl 

int  ubeeps; 

{ 

white  (nbeeps — )  { 
dcount  =  20; 

HUPORTA  =  HUPORTA  &  Oxef; 
waitd'J; 

HUPORTA  =--  HUPORTA  |  0x10; 
if  (nbeeps)  { 

dcount  =  20; 
waitd(); 

} 

} 

) 

maxsutii)  mazstat 

int  i; 

{ 

if  (ctsualtyjij.  stat.timeout  *»=  1) 

return  (7); 

if  (casuaity(i). stat.pakerr  ==  1) 
return  (0); 

if  (easualty(i|.stat.oifwT>st  ==  1) 
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return  (4); 

if  (casualty(ij.stat.hrlow  ==  1) 

return  (2); 

if  (ca3ualty[ij.stat.hriii  ==  1) 

return  (1]; 

if  (-asuaIty[i].3tit.!owpu!s<>  ==  1) 

return  (3); 

if  (casualty  [ij.stat.battiow  ==  1) 
return  (5J; 
return  (0); 


waitdQ 

{ 


} 


while  (acount) 

if  (anowsO) 

pmc_show(); 


dieckdQ 

{  /*  check  icovnt  to  ’tt  if  ill'll  active  ' / 

if  (dcount)  { 

if  (arrows{)) 

pmc_show(); 

return  ( 1);  ■ 

} 

return  (0); 

} 


...maxstat 


waitd 


checkd 
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dsettextpoj(Hne,  0); 

for  (i  =  0;  i  <  DISP_C0L3;  ir+) 
dputc('  '); 

dwttextpoa(0,  0); 

} 

/*"*"*“" . *’"* . * . . . 

/*  dcit.c: 

/*  ANDilil  LCD  di’play  routine  for  u te  with  the  Multimonitor : 

#iue]ude  <dijplay.h,< 
dc!s() 

{ 

ini  i,  j; 


-  / 

/ 

v 

7 


dels 


for  (i  =  0;  i  <  DISP_R0WS;  i++)  { 
ds*tU.itpoj(i,  0); 

for  (j  =  0;  j  <  DISP_C0LS;  j++) 
dputc( '  '); 


) 

ds«tt«xtpo5(0,  0), 

) 

/*' . ' . * . / 

/*  deirl.e:  */ 

/*  ANDi091  LCD  ditplay  routine  for  u te  with  the  Multimonitor:  * / 

/ . . . / 

^include  <display.h> 

dctxi(v)  dctrl 

i»t  r; 


(  /*  tend  control  hyte  to  ditplay  */ 

DISPWAJT; 
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...dctrl 


DISPCTL  =  v 


/ 


/*  dctrll.c :  */ 

/'  AND1091  LCD  display  routine  lor  ute  with  the  Multimonitor:  '/ 

/*** . ' . * . . . ' . / 


#include  <display.li> 

dctrll(v,  data) 

int  v,  data; 

{  /*  tend  dtcplay  one  data  byte  */ 

DISPWAIT;  /*  and  one  control  byte 

DISPDATA  =  data, 

DISPWAIT; 

DISPCTL  =  v; 


/*  dctrl!.  c; 

/*  AWDI091  LCD  duplay  routine  [or  ute  with  the  Multimonttor:  '/ 

/ . . . * . / 


ff  include  <display  h> 
dctrl?(v,  datal,  data2) 

int  v,  datal,  d»U2, 

{  /*  tend  duplay  two  data  byte j  */ 

DISPWAIT;  /'  and  one  control  byte 

DISPDATA  =  datal, 

DISPWAIT, 

DISPDATA  =  data2; 

DISPWAIT, 

DISPCTL  =  v; 

} 


/* . * . * . / 

/*  dcurtor  c 

/'  ANDl09t  LCD  duplay  routine  for  ute  with  the  Multimomtor:  '/ 

/ . . . / 

^Include  <di*play  h> 

dcurjor(mod») 

int  mod*; 

( 


dctrll 


7 


dctrl2 


7 


dcursor 
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displib.c 


displib.c 

...dcursor 


if  (mode) 

dctrl(Ox9E);  /*  DISPLAY  CURSOR  ON  */ 

else 

dctrl(0x9C);  /'  DISPLAY  CURSOR  OFF  */ 


} 


/***** . . . . . 

/*  dcursor. c: 

/*  AND1091  LCD  display  routint  for  tut  with  tkt  Multimonitor:  * j 

/ . ************ . ****** . * . ****** . “***/ 

#iaclnde  <display.h> 
dctu-sor(mode) 


7 


dcursor 


if  (mode) 

dctrl(9x9E);  /*  DISPLAY  CURSOR  ON  */ 

else 

dctr!(Ox9C);  /*  DISPLAY  CURSOR  OFF  */ 


) 


/“**'***'*** . * . * . * . / 

/*  deurssut.c  */ 

/*  AND1091  LCD  display  rotsiint  for  ust  untK  tht  Multimonitor:  */ 

/** . **** . * . * . / 

finctads  <displ»y.b.> 

dcurssue(sue)  dcUTSSXZe 

int  sue, 

I 


sue  =  OvAO  |  (sue  &  0x07), 

dctrl(sue);  /*  CURSOR  TYPE 


. . ' . / 

/*  ddata.e:  tj 

/*  AND1091  LCD  display  routint  for  ust  until  tht  MulUmontior-  */ 

. . * . * . **'*/ 

#laelud«  <di*pl»y  h> 

ddtuic)  ddata 

iei  e; 


displib.c  displib.c 

...ddata 

(  /*  send  data  byte  to  display  */ 


DISPWA1T; 

DISPDATA  =  c; 

i 

/”*"**** . . . / 

/*  disp_init.e:  */ 

/*  ASD1091  LCD  display  routine  for  use  with  the  Muitimonitor:  */ 

/ . * . . . / 

#include  <displiy  h>  .  . 

di»p_initO  disp-imt 


int  i,  j; 

while  ((DISPCTL  &  0x20)  =-  0), 
dctrl(0x84);  /* 

dctr!2(0x40,  0,  0X0A);  /* 

dctrl2(Ox41,  Ox!e,  0),  /* 

dctrl2(Ox42,  0,  0X08)  /' 

dctrl2(Ox43,  OXlE,  0),  /* 

dcttl2(Ox24,  0,  OXOA);  /* 

dctrl2(Ox24,  0,  0X08),  /* 

dctri;OxAO);  /* 

dcUl(0x9C);  /* 

Di»Fi_t*xt_row  a*  0; 

Dis[>_U>xt_col  —•  0, 

Dupi_curi_row  =  0, 

Dup_curi_col  =»  0; 

Dup_Uxt_»ttr  =*  DISP_NORM, 
Nxt_Uret_fuw  «=  0; 

Nxt_t*xt_eol  «  0, 

Nxt_curi_row  =  0, 

Nxt_cur»  col  «■  0; 

Nxt_Wxt_»ttr  =  OISP_NORM, 
f«»  (i  -  0;  i  <  DISPROWS,  n-+)  { 
fer  (j  -  0;  j  <  D!SP_COLS,  j  ++)  ( 


MODE  SET  */ 

TXT  HOME  COM  */ 
TXT  AREA  COM  '/ 

GR  HOME  COM 
GR  AREA  COM 
ADDR  PTR  SET  */ 
ADDR  PTR  SET  */ 
CURSOR  TYPE 
DISPLAY  MODE  SET  */ 


displib.c  displib.c 

...disp-init 

Cur_img_cb(ij(j|  =  OxFF; 

Cur_img_»t[i]jj|  =  OxFF; 

} 

} 

acls(); 

dupd»tc{); 


) 


. *************************** . ****/ 

/*  dtr'uaqe.c:  */ 

/*  ASD1091  LCD  display  routine  jar  i is*  with  the  Muttimonitor:  */ 

/***  . . . . . . . . 

#iacinde  <displty.b> 

dmessage(r,  c,  s)  Ci7..  S^Cige 

lot  r,  c; 

char  '3; 

{ 


dsettextpos(r,  c); 

dput»(3); 


} 


/ . . * . * . ***** . / 

/*  dputattr.e:  */ 

/*  A !9Dl09t  LCD  display  routine  for  ust  mtk  Iks  \fuitimonitor: ■  */ 

/ . . . * . / 

#iacl«dc  <displty  b> 

dpuuttr(r,  c,  tttr)  dputcttf 


iat  r,  t,  tttr; 

< 

dt*Uttrpot(r,  c); 
dctrllfOXCO,  tttr); 


) 

/ . *** . ***** . ***** . 7 

/*  dpuit  t  «/ 

/*  ANDtOU  LCD  display  routine  /or  ue  with  Ike  MulUmomtor-  */ 

. . * . / 

#’aclad«  <di»pl»jr  b> 

dpt»tc(c)  dputC 

iat  c; 

{ 


displib.c 


displib.c 

...dputc 


if  (c  ==  '\n')  v 

Disp_text_col  =  0; 

Disp_text_rovr  =  (Dijp_text_row  -t-  1)  %  DIS?_ROW$; 


} 

cIm  { 


c  —  c  —  0x20; 

/*  wrttt  char  */ 

dsett«xtpos(Diip_text_  row,  Disp_text_ccl); 

dctrll(Oxd),  c); 

/'  i ontt  cAar'i  a Itnbutg  */ 
dseUttrpos(Disp_text_row,  Di5p_t*xt_col), 

dctrll(OxcO,  Disp_Uxt_»Ur); 

/'  update  rot t  and  col  wanabltt  */ 

Disp_t«xt_col++, 

if  (Dup_text_col  >=  DISP_COLS)  { 
Disp_text_col  =  0; 

Disp_t«xt_row+-f; 

if  (Di»p_t*xt_row  >=  D1SP_R0WS)  { 
Dup_t«xt_row  =  0; 


) 


) 


/'  dputckor  c 


/*  ASD1091  LCD  dtiplay  routing  for  tug  ■stth  Ike  Muitimonitor  */ 

/ . . . / 

fioclwd*  <dupl»yh> 

dpuicbxrlr,  c,  ch )  dpXitc hdT 

i»t  r,  c,  ch, 

{ 


ch  =■  ch  -  0x20; 
d»*tt»xtpo*<r,  c); 
dctrll(OxcO,  chj, 


/ . 

/*  dputi  c 


/ 


7 
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/*  AND  1091  LCD  display  routine  for  use  with  the  yuliirronitor: 


^include  <disp!ay.h> 

dputs^s)  dputs 

char  *s; 

{ 

w  bile  ( '3)  { 
dputc(  *s); 
i++; 

} 


/*  irctaadlr  c:  */ 

/*  AND  1091  LCD  dtiplay  routine  for  use  with  the  Multimonitor :  */ 

/* . "**" . . . * . V 

#ioclnd«  <di3pl»y.h> 

drc2aaddr(r,  s,  m$b_ptr,  Ub_  ptr)  UTcSCLClddr 


int  r,  c.  *aub  ptr,  1  S  ptr; 

{ 


it  (r  <  8)  { 

*!»b_ptr  =  ;  *  30  +•  c; 
'm»b_ptr  =  DISP_AAI>DR1M; 

) 

•lea  { 

*!sb  ptr  =  (r  —  4)  *  30  c; 
*mib_5tr  =  DISP_AAl>DR2M; 

) 

) 


/ . . . . . / 

/*  ircttoddr  e  */ 

/*  AND  1091  LCD  display  routine  for  use  with  the  Multimonitor-  */ 

/'*****" . . / 

faciadc  <dnpi»yll>  ,  , 

drc2t*ddr{r,  e,  ®ib_ptr,  lab _ ptr)  dfCZtCddT 

la*  r,  c,  *m»b  ptr,  *!»b  ptr, 

1 


«r  (r  <  4)  { 


lib^ptr  —  r  *  30  +  c, 
*no»b_ptr  ra  DISP_TADDRlM; 


displib.c 


displib.c 


...J,rc2taddr 


) 

clac  { 

*!sb_ptr  =  (r  -  8)  '  30  +  c, 
*msb_ptx  =  DISP_TADDR3M, 


/*  djitatirpot.c  */ 

/*  ASD1091  LCD  ditplay  ratlin*  for  mtk  tkt  UuJtimanitar:  */ 

/ . * . * . / 

#iocluda  <dijpl»y  h> 

OseUUrpoj^r,  c)  dsctdttTpOS 

iat  r,  c; 

{ 


iat 


lib.  msb; 


drci»addr(r,  c,  &rcsb  4!jbi, 
dciri;(0X34,  lib,  msb). 

Di3p_t*xt_row  as  r. 

Dup_t«xt_col  —  c; 

} 

/  / 

/’*  e  •/ 

/'  ASDi09t  LCD  dupl ay  ratlin*  far  %n  with  tkt  .UuJIimanitar  '/ 

/ . * . / 

fiududa  <di«pliy  h> 

dae'atif'tiir)  dsetdttr 

i  n all.'. 

! 


Diap  laxl  attr  =  »tlr. 


) 


/ 


/*  t  */ 

/'  ASD109!  LCD  dxplaf  ratlin*  far  ui  mlA  (A«  Mtilirnaniltr  */ 

. . / 

#ta«l«da  <di»pl»yh> 

daetfurtpoair,  c)  dsttCXITSpOS 

iat  r,  c. 


displib.c 


displib.c 

...dsctcurspos 


if  (r  >=  8) 
r  =  r  +  0X10  -  0X08; 

dctri2(0X21,  c,  r); 

Disp_curs_row  =  r; 

Disp_curs_col  =  c; 


} 

/*** . *** . ******* . * . *** . * . * . * . **"*/ 

/*  dsetteztpos.c  */ 

/*  AND1091  LCD  display  routine  Jot  use  with  the  Multimonitor:  */ 

/************************** . ***************** . ******** . **/ 

^include  <display.h> 

dsettextpos{r,  c)  dsettextpos 


int  r,  c; 

{ 

int  isb,  msb; 


drc2taddr(r,  c,  &msb,  &lsb); 
dctrl2(0X24,  Isb,  msb); 

Disp_text_row  —  r; 

Disp_text_col  =  c; 

) 

/ . * . *********** . *"** . ***** . / 

/*  dupdate.e  */ 

/'  ASDIQ91  LCD  display  routine  for  use  with  the  Multimnnitur:  */ 

/********* . ******** . * . ***** . ***"*'*" . / 

if  include  <display.h> 

dupdateO  dupdate 


int 


>■  y. 


for  (i  =  0;  i  <  D!SP_ROWS;  i+-c)  { 

for  (j  =  0;  j  <  DISP_COLS;  j++)  { 

if  (Cur_img_ch[i][jJ  !—  Nxt_img_ch(ij(ji)  { 
ds«ttextpos(i,  j); 

dputchar(i,  j,  Nxt_img_ch[i|jj]); 
Cur_img_ch[i|(j]  =  Nxt  _img_cb(i|(j|; 

) 

if  (Cur_img_at(i]ljj  !=  Nxt_img_at(ij(ji)  { 
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...dupdate 


dsetattrposli,  jl; 

dputat:r(i,  j,  Nxt_img_at'i j j;); 
Cur_img_at!i![jj  =  Nx;_img_at:ij;jj; 


} 

} 

} 

Disp  text_row  =  Nxt_t*xt_row; 

Disp_text_col  --=  Nxt_t«xt_col; 

Disp_curs_roM>  =  Nxt_curs_row; 

Disp  _curs_col  =  Nxt_curs_col; 

Disp_text_attr  =  Nxt_text_ittr; 
ds«tcurspos(Nxt_curs_rov»,  Nxt_cura_col); 

} 

/ . . . . . * . 

/*  dupdtn.e 

/*  ASD1091  LCD  display  routine  for  uj«  with  t\e  An Itimomtor: 

^include  <display  h> 
dupdln(i) 

int  i; 

( 

int  j; 


7 

7 

/ 


V 


dupdln 


for  (j  =  0;  j  <  DISP_C01S;  j-r-)  { 

if  (Cur_img_chiij[jj  ’=  Nxt_img  _cM'iij|)  ( 
ds«ttextpos(i,  j), 

dputchar(i,  j,  N  x  t _ i  m  g  _  c  h  j  i  j  I  j  j ) ; 

Cur_img_ch'i;!j|  =  Nxt  img_ch!i!(j]; 

) 

if  (Cur_img_at!ij|jj  '=  Nxt_img_»t|iJ[j])  { 
ds«taurpos( i ,  j), 

dput»'.tt(i,  j,  Nxt_img_atli’(jj); 
Cur_itr»_tv.[i![j]  =  Nxt_img_ 

} 

} 

Diip_Urxt_row  =  Nxt_t*xt_row, 

Disp_t*xt  col  —  Nxt_t«xt_col; 

Disp_curs_ro'v*  =  Nxt_curs_  row; 
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...dupdln 


nseCtextpos(line,  0); 

for  (i  =  0;  i  <  DlSP_C0LS;  i++) 
nputc('  '); 

Qaettextpos(0,  0); 

} 

/*" . . . * . . . . . * . •*•••/ 

/*  nels.c:  •/ 

/*  AND  1091  LCD  display  routine  [or  use  mth  the  Multimonitor :  */ 

/ . * . . . * . *'**'***'"* . / 

^include  <di3play.h> 

“d*0  ncls 

{ 


int  i,  j, 


Tor  (i  =  0;  i  <  DISP_ROWS;  i++)  { 
nsettextpos(i,  0); 

for  (j  —  0;  j  <  DiSP_COLS;  j++) 
nputc('  '); 

) 

n»ettextpos(0,  0); 


/*  nmettagt.e: 
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/*  ASD1091  LCD  display  routine  for  use  with  the  Multimonitor:  */ 


^include  <display.h> 
amessage(r,  c,  s) 

int  r,  c; 

ebar  's; 


asettextpos(r,  cj; 
nputs(s); 


} 


/ . * . . . . . . . 

/*  nputattr.c 

/*  AND1091  LCD  display  routine  for  tile  with  the  Mu'.timonitor: 

/** . * . . 

finclude  <display.h> 
apuiattr(r,  c,  attr) 

int  r,  c,  ittr; 

{ 

Nxt_img_it[rj[cj  =  ittr; 


7 


V 


7 


} 

/ . * . . . / 

/*  nputc.c 

/*  ASD1091  LCD  display  rou(in«  for  use  with  the  Multimonitor :  */ 


/"** . . . * . / 

^include  <di3play.b> 
aputc(c) 

int  c; 

{ 


nmessage 


7 


nputattr 


V 


nputc 


if  (c  -=  '\n')  { 


Nxt_text_col  =  0, 

Nxt_text_row  =  (Nxt_text_row  +  l)  %  DISP_ROWS; 


} 

elaa  { 


/*  write  char  */ 

as*tt*xtpos(Nxt_t«xt_row,  Nxt  t«xt_co!); 

/*  write  char's  attribute  */ 
n»«tattrpo*(Nxt_tex‘_row,  Nxt  text _col); 

Nxt_imj_ch[Nxt_t«xt_rowj|Nxt_text_col)  =  c; 

Nxt  Jmj_*t(Nxt_Uxt_rov*j[Nxt_text_col|  =  Nxt_t*xt_ittr; 
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(*  update  row  and  eol  variables  '/ 
Nxt_text_coi++; 

if  (Nxt_text_col  >=  DISP_COLS)  { 
Nxt_text_coi  =  0; 

Nxt_text_row++; 

if  (Nxt_text_row  >=  DISP_ROWS)  { 
Nxt  text  row  =  0; 


} 


} 


} 


} 


. . . . . »- 

/*  nputckar.c 

/*  AND1091  LCD  display  routine  for  use  with  tke  Multimonitor: 

/"*** . .  . . . . . . 


*7 


7 


7 


^include  <displiy.li> 
nputchir(r,  c,  ch) 

int  r,  c,  ch; 

{ 

Nxt_img__ch[r][cj  —  ch; 


>  . 

. . . . . 

/*  nputs.e 

/*  AHD1091  LCD  display  routine  for  use  uritk  tke  Multimonitor:  ■ 

i . . . 

#incinde  <displiy.h> 
aputs(s) 

ehnr  *s; 

{ 


7 


7 


7 


while  ('»)  { 
nputc(  *»); 
*++; 


} 


/*  ru.taltrps.  e: 

/*  AND1091  LCD  display  routine  /or  uee  untA  the  Multimonitor:  */ 


/ . * .  . * . . 

#iaciad*  <dispiiy.h> 
asetittrpo*(r,  c) 

int  r,  c; 


displib.c 

...nputc 


7 

nputchar 

7 

nputs 


7 

nsetattrpos 
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...nsetattrpos 


{ 


Nxt_text_row  =  r; 
Nxt_text_col  =  c; 


> 


/  / 

/*  nsetattrpos.c:  *J 

/*  AND  1091  LCD  display  routine  for  use  with  the  Muliimonitor:  */ 

/'*** . . . . . . . **'*'* . / 


^include  <displiy.h> 

nsetattr(attr)  TlSetattr 

int  attr; 

{ 

Nxt_text_attr  =  attr; 

) 


/'***' . * . * . . . * . / 

/’  nsetcurspos.c:  */ 

/*  AND  1091  LCD  display  routine  for  use  with  the  Multimonitor:  */ 

/ . . . . . . . . . / 


{^include  <displiy  h> 

nsetcurjpos(r,  c)  TlSetcurspOS 

int  v ,  c; 

{ 

Nxt_curs_row  =  r; 

Nxt  curs  col  —  c, 

} 


/ . ' . . / 

/*  nsetteitpos.c  */ 

/'  AND1091  LCD  display  routine  for  use  with  the  Multimonitor  */ 

. . / 

^include  <dispUy  h> 

n*«ttextpos(r,  c)  nsettextpos 


int  r,  c; 

{ 


Nxt_t«xt_row  =  r; 
Nxt_text_eoi  =  c; 


«  /*e*n 
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/*  toe  In.  c: 

/*  AND1091  LCD  display  routine  for  ust  with  the  Multimonitor :  1 


^include  <display.h> 
wdn(line) 

int  line; 

{ 


wcln 


wsetteitpo^line,  0); 

for  (i  =  0;  i  <  DISP_COLS;  i++) 
wputc('  '); 

wsettextpos(0,  0); 


/*  t oelt.e: 

/*  AND1091  LCD  ditplay  routine  for  use  with  the  Multimonitor: 


#ioclude  <display.b> 
wds() 


f*r  (i  =  0;  i  <  WIN_ROWS;  i++)  ( 
wsettextposii,  0); 

for  (]  =  0;  ]  <  DISP_COLS;  j++) 

wputc('  '); 


w*etteitpos(0,  0), 


/*  toy etorg.e: 

/*  AND1091  LCD  ditplay  routine  for  ute  with  the  Multimonitor: 


#taclad«  <di»pl*y.h> 
wgelortO 
{ 


retara  (Win_row_org); 


wgetorg 
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/*  win_to_nxt.c: 


/*  AND1091  LCD  display  routine  for  use  with  the  .Wultimonitcr:  * / 

/"' . . . . . . . **"'* . / 


#iacludc  <disp! ay  h > 
win_to_nxt() 

{ 


V 


wirL-.to-.nxt 


int 


i,  j,  nrow,  w ro'w; 


) 


} 

/ 


nrow  =  Win_row_dorg; 
wrow  —  Win_row_org; 

for  (i  =  0;  i  <  Win_row_len;  i++,  arow-+,  wrowt+J  { 
for  (j  =  0,  j  <  DISP_COLS;  j++)  { 
nputchar(nrow,  j,  Win_ch[wrow;  !Ji). 
npuUttr(nrow,  j,  Wia_»t[wrc,wi[j]]1 

} 

asettextpos(0,  0); 


/*  win  to_nln.c: 

/*  AND1091  LCD  display  routine  for  tue  with  the  Mu'iimonilor: 


> n  *• *  1 1 


include  <dispi;.y.h> 
ia_to_aln(wrow) 

iot 

( 


wrow, 


iot  j,  nrow; 

ini  offs«, 


7 

V 

7 


7 


wln—to—nln 


offset  =  wrow  -  Wm_row  orj, 

if  (offset  >=  Win  row_lea  ||  offset  <  0) 

return, 

nrow  Wm_row_dort  +  offset; 
for  (j  =  0,  j  <  D'SP_COlS,  j  +  -)  ( 
apotchir(arow,  j,  Win_cbjwrowj[j|), 
aput»ttr(nrow,  j,  W\r_st!wrowl[j|); 

} 

) 
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/*  t omaht.c:  */ 

/*  AND1Q91  LCD  display  routine  {or  use  with  the  Multimonito r:  */ 

findudc  <display.h> 

wmike(drow,  len)  WTHCLK6 

int  drow,  len; 

{ 

Wia_row_!en  =  len; 

Win_row_org  —  0; 

\Vin_row  _dorg  =  drow; 
w»tattr(1DISP_NORM); 


r . . . * . * . . . * . / 

/*  tomessage.c:  '/ 

/*  ASDltlil  LCD  display  routine  for  use  with  the  Multimonitor:  */ 

/**" . * . . . / 


^include  <dijplay.h> 

wmessageir,  c,  s)  WT!lCSSCLgC 

ict  r,  c; 

char  *j; 

{ 

■v*s«'.textpoj(r,  c); 


wputs(s); 


/ . * . . . . . / 

/’  wputattr.e:  */ 

/*  ANDiOit  LCD  display  routine  {or  use  with  the  Multimonitor :  */ 

/ . . . / 

#iacltid«  <display.h> 

wputattrfr,  e,  attr)  Wputdtt ? 

iat  r,  c,  attr; 

{ 


Wia_at[r][c|  —  attr; 


} 

. . * . . . / 

/*  wputc.c:  */ 
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*  =fc 
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dispiib.c 


/*  ASD1091  LCD  display  routine  for  use  unth  the  Multimonitor: 
/***'* . ***** . . . "*"****" . * . 


7 


7 


include  <display.h> 

putc(c)  wputc 

int  c; 

{ 

if  (c  ==  '\n ')  { 

Wia_t?xi_col  =  0; 

Wia_text_row  =  (Wia_text_row  +  1)  %  WlN_ROWS; 

} 

el»c  { 

/*  write  char  */ 

wsettextpos(Wia_text_row,  Wia_text_col); 

/*  write  char's  attribute  */ 
wsetattrpos(Wia  t»xt_row,  Wia_text_col); 

Wia_ch[Wia_text_roi»!i'Wia_text_col|  =  c; 

W'a_atjWia_text_rowj[Wia_text_coll  =  Wia_text_attr; 

/*  update  row  and  col  sariables  */ 

Wia  _text_co!  -rt-; 

if  (Wia_text_col  >=  DISP_COLS)  { 

Wia_text  col  =  0; 

Wia  text  row-*-*-, 

if  (Wia_text_row  >=  W!N_ROWS)  ( 

Wia_text_row  =  0; 

) 

} 

} 


/*  wputchar  c 

7 

/*  ASD1091  LCD  display  routine  for  use  unth  the  Multimonitor 

7 

’***"**/ 

#lnclud«  <displ»y.h> 
wpuU.har(r,  c,  ch ) 

iat  r,  c,  ch; 

( 

wputchar 

Wia_ch(r][c|  =  ch; 

} 
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/*  wputs.e: 

i*  AS D 1091  LCD  display  routine  for  use  with  the  Multimonitor:  */ 

^include  <display.h> 
wputs(s) 

char  *s; 

{ 


while  (*s)  { 
wputc(  *s); 
*++; 


} 

} 

/*”*"***"*" . ****** . ****** . ********** 

/*  wseroildoien.c: 

/*  ASD1091  LCD  display  routine  for  use  unfA  the  Multimonitor: 

/ . . . ************************* 

^include  <disp!ay.a> 
wscrolldowu(a) 

■at  a; 

{ 


7 


7 


7 


Win_row_org  -=  a; 

’f  (Wia_row_o'g  <  0)  { 

Wia_row_org  =  0; 

) 

dupdaleO, 

} 

/ . * . 

/*  aierollup  c: 

/*  ASD1091  LCD  dieplay  routine  for  use  with  the  Multimonitor: 


/ . 

#iaclade  <dupiay  h> 
wicroilup(a) 

lot  a; 

{ 


7 

7 

7 


iat  lajtpot, 


lastpo*  =  WlN_ROWS  -  Wia_rot»J«a  -  ); 


7 


wputs 


7 


luscrolldovm 


7 


wscrollup 


displib.c 

...WSCTollup 


displib.c 


Win_rcw_orK  +—  n, 
if  (Win_row_org  >  Iistpos)  { 
Win  ro-T_org  =  lastpos; 


\ 

l 

wia_to_Qxt(); 


dupdate(); 


} 

/*""*' . . . . . . . * . / 

/*  ai<tat*rp*ii.c  */ 

/*  ASD1091  LCD  display  routine  for  ast  u nlit  tht  .Wuiiimonitor  */ 

/ . * . "*"***"* . / 


^include  <diipla»  h> 

wsetattrpos(r,  c)  WSetatttpOS 

int  r,  c, 

{ 

Win_text_row  =  r; 

Win  text  co!  =  c; 


} 

/ . * . * . ‘ . / 

/*  ueetottr  c  '/ 

/*  AND1091  LCD  display  routine  for  u «  um<A  (Ae  .Wuif  monitor.  */ 

/ . * . / 

^include  <dispiiy  h> 

wsetattrfittr)  WSCtdttT 

int  ittr; 

( 


Wm  text  attr  =  ittr, 


) 


/ . / 

/'  i»i«fn:rj»oi  c  */ 

/*  AHDlOit  LCD  display  routine  /or  uee  mfA  tAe  Afuttimonitor  */ 

/ . . . / 

finclnde  r'dupiiyh.' 

w*etcur«po*^r,  c)  WSCtCUrSpOS 

int  r,  c; 

I 


Wm_curi_row  =  r, 


Wia_eur»_eol  =u  c; 


displib.c 


displib.c 

...wsetcurspos 


} 

/t. ............................... ........... . . . .../ 

/*  wsettextpos.  e 

/*  AND  109)  LCD  display  routine  for  use  with  the  Multimonitor:  */ 

/“** . * . "*"* . . . * . 7 

#i  delude  <aispl»y.h> 
wseuextpo*(r,  c) 

iat  r,  c; 

{ 


Wia_t«'_iow  =  r; 
Win  text  col  —  c; 


/*  wupdate.  e: 

/*  AND1091  LCD  display  routine  for  use  with  the  Multimonitor: 


.......... ....  r 

/ 


(fiacltdc  <display.h.> 
wupditel) 

{ 


wia_to_nxt(); 

dupdat<{); 


) 


/ . * . . . . . / 

/*  aupdlivc 

*  ASD1091  LCD  display  routi:,e  for  use  with  the  Multimonitor:  */ 

/ . * . / 

^include  <displ»y  h> 

wupdln(i) 

lat  i; 

< 


iat 


J. 


if  (i  <  Win  row_ori;  ||  i  Win_row_|#a  +  Wio  _row_org) 

return, 

wla_to_nln(i); 

j  »  Wta_row_dorg  +•  i  -  Win_row_org; 
dapdla(j); 


wsettextpos 


7 


i xupdate 


7 


vmpdln 


) 


displib.c 


displib. 
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1 

1 

1 

1 

1 

1 

1 

6 

2 

T_ 

1 

1 

2 
2 
4 
4 
4 


case  bottom 
case  top 

battery  cap  receiver 
battery  cap 
battery  contact  assy, 
wriststrap  assy, 
electronics  assy. 

*2-56  x  0.7  RHP  SS 
#2-56  x  1.0  RHP  SS 
leather  strap  (2.6x5  in.) 
wiring  harness 
elastic  strap 

electrodes,  .6  in.  dia.  SS 
electrodes,  .6  x  .25  in.  SS 
#4  flat  washers 
*2  lock  washers 
#2  nuts 


4  2500 


-  1.5500  - 
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1 
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1 

1 

1 

1 

1 

1 

1 

1 

1 

14 

30 

4 

4 

24 

18 

18 


C&K  KS11R22CQ 

C&K  7 101J1ZQ 


AND491-30 
Durell  04 Z 
ERG  F309-E819 


front  panel 
rear  panel 
frame 

battery  cover 
battery  holder 
battery  cap 
pushbutton  switch 
switch  contact  board 
pushbutton  cover  plate 
pushbuttom  spacer 
rocker  switch 
prox  trans.  assy, 
ra  io  assy, 
antenna 

antenna  connector 
CPU  board 
LCD  display 
LCD  backlight 
backlight  power  supply 
Lexan  display  window 
#2-56  x  .5  FH  socket 
#2-56  x  .25  FH  socket 
#2-56  x  .5  RH 
#2-56  x  .25  RH 
#2-56  nuts 
#2  flat  washers 
#2  lock  washers 


Outputs:  val,  mocount,  seglen, 
processed  data  segment 
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DESCRIPTION 


PMC  RADIO  ADJUSTMENT  PROCEDURE 
=MC  SYSTEM  BENCH  AND  FUNCTIONAL  TEST 
PMC  MAIN  BOARD  COMPONENT  LAYOUT 
PM.C  RADIO  LINK  PRINTED  WIRING  MASTER 
HHM  RADIO  LINK  °RINTED  WIRING  MA.STER 


OF  1 


Magna vox  Radio  Adjustment  Procedure 
Models  801  and  802 


Equipment 

RF  generator  with  72.168  MHZ  output  and  39"  stick  antenna 
100  MHZ  bandwidth  oscilloscope. 

Nonconductive  screwdriver . 

RF  field  strength  meter  or  spectrum  analyzer  with  antenna 

1.  Connect  RF  generator  to  antenna  and  set  for  72.168  MHZ, 

FM  modulation  with  1KHZ  tone,  4KKZ  deviation,  and  0.5  Vrms 
into  the  stick  antenna 

2.  Connect  oscilloscope  to  the  RECEIVE  AUDIO  pin  (Pl-6)of  the 
radio  module. 

3.  Adjust  L3  fc_  best  symmetry  of  the  1KHZ  sine  wave. 

4.  Connect  oscilloscope  to  pin  1  of  U1  on  the  radio  module. 

5.  Reduce  RF  generator  to  50mV  rms  -ate  the  =>c.tenna. 

6.  Adjust  C5  for  maximum  amplitude  at  U1  pin  1. 

7.  Disconnect  oscilloscope  from  the  radio  module. 

3.  With  the  radio  powered  from  batteries  (6V)  and  with 
NO  GROUND  attached,  connect  the  KEY  line  (Pl-3)  to 
the  negative  (-)  terminal  of  the  battery  supply. 


FOR  MODEL  801 

9.  Monitor  the  radio  transmitter  output  with  the  spectrum 
analyzer  or  field  strength  meter.  Adjust  C3  for  maximum 
transmitter  output  power. 

FOR  MODEL  802 

10.  Same  a  9  above  except  adjust  C29  and  the  series  antenna 
capacitor. 
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10.  INTERFACE  TEST  SUMMARY 


10.1  Scope.  This  appendix  establishes  the  test  procedure  used  to  test  the  inter¬ 
face  between  the  PMC  units  and  the  HHM  units. 

10.2  Bench  Test. 

10.2.1  Overview  of  Ber.ch  'Test.  The  serial  communication  signal  lines  of  a  PMC 
and  a  HHM  were  connected  directly  together.  This  connection  served  to  bypass 
the  radio  transceivers.  Temporary  pushbutton  switches  were  attached  to  the 
PMC  proximity  interrupt  and  the  HHM  activate.  Three  tests  were  then  per¬ 
formed  on  the  hard  wired  units. 

10.2.2  General  Results  of  Bench  Test. 

10.2.2.1  Supply  Current  Test.  A  DC  millampmeter  was  connected  in  series  with 
the  PMC  power  supply.  The  power  supply  was  turned  on  and  the  supply  current 
was  measured  and  recorded.  The  PMC  current  value  was  approximately  21  m\. 
After  waiting  for  one  minute,  the  supply  current  was  again  measured  a  id 
recorded.  At  this  time  the  PMC  CSCI  entered  the  "STOP”  state  and  the  PMC 
current  reading  was  approximately  0.6  rnA. 

10.2.2.2  PMC  Activation  Test.  Actual  PMC  activation  was  simulated  by  pressing 
the  HHM  activate  pushoutton  and  the  PMC  proximity  interrupt  pushbuttc  i  in 
quick  succession.  .An  oscilloscope  monitoring  the  HHM  proximity  signal  output 
line  displayed  a  burst  of  125  KHz  square  waves  when  the  HHM  was  activated. 
The  HHM  display  read 

PMC  a  Activated 

where  #  was  the  identification  number  of  the  PMC.  Monitoring  the  PMC  radio 
power  line  with  an  oscilloscope  showed  the  line  became  active  when  the  PMC  was 
activated. 

10.2.2.3  Status  Test.  The  HHM  would  query  the  activated  PMC  every  15  seconds. 
Initially  the  HHM  would  receive  the  message 

Otr  Wrist 

The  oscilloscope  monitoring  the  radio  key  line  verified  proper  operation  of  the  line 
for  both  the  HHM  and  PMC.  The  PMC  wrst  strap  was  then  applied  to  the  wrist 
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of  a  subject.  The  subject  remained  still  -while  the  HHM  display  was  monitored. 
The  subject’s  heart  rate  was  obtained  from  the  subject’s  pulse.  This  heart  rate 
was  compared  to  the  results  displayed  by  the  HHM.  The  last  step  was  for  the 
subject  to  intentionally  move  during  data  collection.  During  this  time  the  HHM 
display  reported  motion. 

10.3  Functional  Test. 

10.3.1  Overview  of  Functional  Test.  This  test  checked  the  performance  and  the 
accuracy  of  the  various  PMCs  and  HHMs.  The  units  were  tested  by  strapping  a 
PMC  on  a  subject  and  recording  the  subject’s  heart  rate  or  motion  reading  which 
was  displayed  by  the  HHM  every  15  seconds.  The  HHM  heart  rate  was  compared 
with  the  subject’s  actual  heart  rate  which  was  obtained  by  feeling  the  subject’s 
pulse.  Each  PMC  was  tested  continuously  for  a  period  of  90  minutes.  The  test¬ 
ing  occurred  while  the  subject  was  resting,  walking,  resting  after  walking,  run¬ 
ning,  and  resting  after  running.  All  delivered  PMCs  and  HHMs  were  tested. 

10.3.2  General  Results  of  Functional  Test.  The  PMCs  and  HHMs  generally  per¬ 
formed  as  expected.  Accurate  heart  rates  were  obtained  when  the  subject  was 
resting  and  when  the  subject  was  resting  after  walking.  Some  heart  rates 
transmitted  during  light  walking  were  accurate.  Most  mot.'on  caused  the  HHM  to 
d'spiay  a  motion  reading  rather  than  a  heart  rate  value.  Running  produced  the 

Heavy  Motion 

message  to  appear.  Followiug  exercise,  the  PMC  occasionally  transmitted  heart 
rates  less  than  60  bpm  where  heart  rates  in  the  range  of  120  bpm  were  expected. 
Such  readings  probably  resulted  by  the  impedance  signals  due  to  the  heavy 
breathing  mixing  with  the  impedance  signals  due  to  the  heart  pumping  blood. 
The  HHM  had  no  problem  in  obtaining  information  from  the  PMC. 
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ARMY  HAND  HELD  MONITOR  Al 


COIL  FORM 


The  Coil  form  consists 
of  two  pieces  of  tygon, 
the  outer  has  an  O.D. 
3/8"  dia-  The  outer 
piece  is  shrunk  on  a 
smaller  dia.  of  tygon 
tubing,  this  will  give 
enough  rigidity  so 
that  a  coil  can  be 
wound  onit,  yet  be 
flexiable. 


BASE  ASSEMBLY 


1/4" 
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SLEEVE 


O.D.  3/8"  dia.  TYGON 


O.D.  3 


V  1 


SECONDARY 

25  turns 
#20  AWG 
spaced 
over 
form 


25  turns 
#20  AWG 
Close 
wound 


SOLDER 
y'  FILET 


1.5  turns 
over  primary 


CONNECTOR 


L  J 


BASE  ASSEMBLY 


O.D.  1/4"  dia.  TYGON 


72  MHZ 


ARMY  HAND  HELD  MONITOR  ANTENNA 

COIL  FORM  MECHANICAL  ELECTRICAL  SCHEMATIC 


D.  3/8”  dia.  TYGON  O.D.  3/8'  dia.  TYGON 


SECONDARY 

25  turns 
#20  AWG 
spaced 
over 
form 


25  turns 
#20  AWG 
Close 
wound 


1.5  turns 
over  primary 


BASE  ASSEMBLY 


SECONDARY 


51.5  turns 
#20  AWG 


PRIMARY 
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TSSiT 

- 
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PROGRAMMING  SOFTWARE 

for  the 


MULTIMONITOR 


mm.c 


mm.c 


/•  7 

/*  Multiple  Casualty  Monitor 
/*  Ver.  1.0 

/‘  V 

/*  (c)  1959  Purdue  University 

r  v 

^include  <"^Uiio.h> 

^include  <hlireg.L> 

^include  <bmec.!s> 

#include  <terminal.h> 

/*  display  handler  declaration s  */ 
^include  "dispdec.1T 


^define  LF  10 

#dcfin«  CR  13 


#  define  PROXVAL  ioo 
#def.ne  PROXMIN  S 
#defme  MAXLD  S 

#  define  MAXRETRIES  3 

#  define  EVALTIME  15 

/*  Received  packet  statuses  */ 

# define  GOODPAK  1 
# define  BADCHK  2 
# define  BADPAK  3 

#  define  TIMEOUT  -1 

#define  ACTIVE  1 
^define  INACTIVE  0 

# define  SHOW  1 

#  define  NOSHOW  0 

# define  MOTIONLT  1 
#deflnc  MOTIONMOD  2 
# define  MOTICNHVY  3 

/*  structure  used  to  set  up  serial  interface  */ 

•tract  i-Kti  JUyb; 


/*  maxir.mm  number  of  retries  */ 

/*  time  for  PMC  to  complete  an  evaluation  */ 


V 

V 

7 


char 

int 

int 

int 

int 

char 


char 

char 

iat 

int 

int 


elk  50; 
dcouat: 

steoant; 

jeouat; 

etimc; 

tptkbufflOOj, 


/*  SO  HZ  counter  for  real  time  clock  '/ 

/*  SO  HZ  down  counter  for  general  purpose 

*  timing  */ 

/'  SO  HZ  down  courier  for  status  timing  * / 
/*  SO  HZ  down  to  r  for  sleep  roulinr  '/ 
/*  l  HZ  «*alua(ior.  .im#  counter  */ 

/*  buffer  to  construct  packets  for 

*  transmission  */ 


rptkbufjSOl; 

‘ptkplr; 

r»Utc; 

cbktam; 

rcbkiuai; 


/*  Ju//«r  (•  liar#  r«c«ir#d  packets  */ 
f*  pointer  to  receive  packet  buffer  */ 

/*  state  of  receive  packet  finite  satatr 
*  mcckirv*  */ 

/*  f*#c*  i»m  calculated  on  received  packets  '/ 
/*  eketk  i«m  included  in  received  packets  */ 


char 


!inci#0l, 


/*  buffer  fat  display  messages  */ 


ZJee  15  10;50  1959 


Paje  1  of  mm.c 


mm.c 


mm.c 


/*  soldier  statu a  valuta  rtturntd  from 


ini 

emum; 

int 

offw; 

ini 

hrate; 

ini 

bltt, 

ini 

mocouat; 

ini 

id; 

ini 

ad  flag; 

int 

idva> 

int 

retries, 

ini 

first; 

char 

'3; 

char 

clksec; 

char 

clkmia; 

char 

tikhr; 

/*  GC  vars  */ 

#dcfiae 

MAXCAS  no 

#dcfSa« 

WIN  SIZE  10 

fdtfiat 

HR  HI  SO 

#d«nn« 

HR  LOW  50 

f  define 

HR_MIN  30 

^define 

STIMEOUT  12 

#dcfiD« 

DTIMEOUT  S 

char 

addraJ; 

char 

deiral; 

char 

upral; 

char 

dnral, 

char 

hipvaJ, 

char 

add’ast; 

char 

dellast, 

char 

uplaat, 

char 

dalast, 

char 

blpiut. 

char 

xddsute; 

char 

deistale; 

ch»r 

upstate; 

char 

dnstale. 

char 

hi  pstate. 

char 

add  flag, 

char 

delflt», 

char 

upflag, 

char 

dnflag, 

char 

blpflag, 

iat 

aralflag; 

iat 

acta; 

iat 

curcaa; 

iat 

caaptr, 

PMC  */ 

/*  evaluation  number  */ 

/*  PMC  off  what  flag  */ 

/*  Aeart  rate  '/ 

/*  4atfery  voltaqe  */ 

/*  mofion  counter  '/ 

/*  P.WC  ID  */ 

;  ‘  enable  A/D  convert. on  flag  ‘  / 
value  from  A/D  conversion  *  / 

/  number  0/  refirs  for  communication  '/ 

/*  mari  /irit  era/uafion  eye.1*  for  a 

*  e.wc  7 


/*  ADD 

pushbutton  current  value 

r  DEL 

pushbutton  current  value 

/*  UP 

pushbutton  current  value 

/•  DWS 

pushbutton  current  nafue 

r  HIP 

pushbutton  current  vaiut 

/*  ADD 

pushbutton  last  value  ’/ 

/*  DEL 

pushbutton  last  value  */ 

/*  UP 

pushbutton  last  value  '  / 

/*  0W,V 

pushbutton  last  value  ‘ / 

/*  HLP 

pushbutton  last  value  '/ 

/*  ADD 

puj44utfon  etaf?  '/ 

/*  DEL 

pushbutton  state  */ 

/•  UP 

pushbutton  state  */ 

/'  D  W.V 

pushbutton  state  */ 

/"  //if 

pushbutton  state  '/ 

/'  ADD 

pushbutton  flag  */ 

/' 

puj44utton  /fay  */ 

/*  (//> 

yue44ut/on  //ay  */ 

/*  SH'.V 

pushbutton  flag  '/ 

/*  HLP 

pushbutton  flag  */ 

/*  evaluate  flag  '/ 


/'  current  aumiir  of  casualties  '/ 
/'  current  polled  cojutll/  '/ 

/'  easuaitg  pointed  to  4y  curior  */ 


Z>ee  i<? 


Pays  S  of  mm.c 


mm.c 


mm.c 


iat  nextcasid;  /*  ntxt  t uable  casid  number  */ 

•tract  cu  { 

iat  casid; 

iat  pmcid; 

iat  evnum,  off-w,  brate,  batt,  mocount; 

iat  inbib; 

■tract  { 

unsigned  brhi:l,  hriowil,  icwpu!se:l,  off-wrist:l,  battlow.l,  motion:!; 

unsigned  paicerrl,  timeout:!; 

}  scat; 

}  casualtyiMAXCAS'; 


char  *motion_*tri]  =  { 

w _  *• 

“NO 

"YES', 

"YES', 

"YES' 

}; 

char  *jtat  strij  =  { 

m  «• 

"HRT  'RATE  HIGH', 

"KRT  RATE  LOW', 

TOW  PULSE", 

"OFF  WRIST", 

"BATTERY  LOW', 

"COM  ERROR", 

“COM  LOST" 

); 

char  null_hr_«trj]  = 

/*  rtutini  diclarationj  */ 
vaid  int_*.tupO; 

_ mod! vaid  OC1INTQ; 

_ mod2 raid  INTINTQ; 

nam()  main 

{ 

/*  (urn  r/  trtiumttiir  «//  */ 

k«T(0); 

/*  i— UJ'ti  bryiaerd  */ 

HllPACIL  =  OrSO  1  HUPACTL; 

Hi  1  PORTA  =  OxDO  |  HllPORTA; 

kbclt  ■ 

/*  mtltaliee  */ 

casptr  sb  0; 
acaj  =s  0, 
nextcaaid  =  I, 
eralflag  =  0, 
cureis  =*  0; 

/*  Ml  up  inlerupi* 
mt_tstnp(), 

/'  lei  up  tens/  p*ri  */ 

tty_*atupl); 

/*  LCD  duplcy  */ 

ditp  is...,); 

dcuis  Oi 

dcum>  {3), 

wm»k«<4.  W1N_SIZE); 


Dee 


Pag*  3  of  mm.c 


mm.c 


mm.c 


...main 

/*  Power  up  message  */ 
help_screen(); 
pmc_screen(); 
pmc_show(j; 

/*  turn  on  /4 /D  converter  */ 

adotiQ, 

/*  main  processing  loop  */ 
while  fl)  { 

/*  process  any  button  pushes  ’ 
if  jaddr.agj  { 
aaacasi ), 
pmc_ihowf); 
addflag  =  0; 

}  else  if  (deifag)  { 
deicasl ); 
pmc_show(); 
deif.ag  =  0; 

}  else  if  (hlpfiag)  { 
hlpflag  =  0; 
hflp_jcreen0, 
pmc_screeal); 
pmc_iaow(), 

}  elre  if  (arrows()) 
pmc_show(); 
cbeclt_cas)  SHOW); 

if  (adval  >=  88  St St  stcouat  =  =  0)  { 

sprjat/fltae,  "Low  Multimoaitor  Battery'); 
ditatusiiiaei; 

} 

jtat_elr(); 


iie«p(i)  sleep 

int  i, 

{ 

icount  =  i  *  50; 
while  (jcount), 


proxQ  prOZ 

( 

HllPORTA  |=  0i20, 
dcouat  =  5, 
while  (dcouat), 

Hi  IHORTA  A  =  Oidf, 

} 

dopjji)  dopss 

(  /*  reneve  a  PS1C  Soldier  Status  */ 

1st  J, 

cher  *i. 

for  (j  =  0.  rpakbufj; 

if  (ttracmp(Arpakbvfj  +■  1 TSS",  3)  '=  0) 

raters  (0), 

J  ■*  I  +  *■ 
t  ra  Arpakbuf'jj, 

•*caof(i,  "%d  %d  %4  %d  ‘’m!  %d',  Aevauin,  Aoffw,  Ahrats,  Amoeount,  Abatt), 
eaauaHyjcurcasj  rraaaa  «■  ntum, 


caaurltylcurcasi  offw  ■»  offw, 
caauaitylcurcaai  hrate  **  brat* 
casualty .curcatl  mocouut  =  mocount, 
caauaityicurcaai  batt  *■  bait, 
caiuaitycurcaa)  itat  brhi  *  0. 


caauaityicurcasi  »tat  brio’*  «  0. 


Dec  IS  10:59  19S9 
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mm.c 


mm.c 


. . . dopss 

casual  tyfcurcasl.stat.lowpulse  =  0; 

casualty!curcasj.stat.ot'fwrist  =  0; 

casual  tyjcurcasi.stat.battlow  =  0; 

casualtyicurcasj.stat.mocion  =  1; 

if  (offw  >  190)  { 

casualtyjcurcasi.stat.off'wrist  =  1; 
casualty  curcasj.  irate  =  0; 
casuaityicurcasj.mocount  =  0; 

}  el»«  { 

if  (mocount  >=  1  &&  mocouat  <  10)  { 
casual  tylcurcasi.stat.motion  =  2; 

}  else  if  (mocouat  >=  10  &&  mocouat  <  25)  { 
casualty  (curcasi.stat.  motion  =  3; 

}  else  if  (mocount  >=  25)  { 

casualtyjcurcasj.stat.moUoa  =  4; 

if  ((irate  ==  0)  [|  (irate  ==  —4))  { 
casual  ty(curcajistat.iowpulse  =  1; 

}  elec  If  ((irate  >  0)  kSt  (irate  <=  HR_LOW))  { 
casualtyjcurcasi.stat.hriow  —  x; 
alarm(2); 

}  elae  if  (irate  >=  HR_HI)  { 
casual  tyjcurcasl.stat.hrbi  =  1; 
alarm(3); 

} 

} 

if  (batt  >=  68)  { 

casualty  circasi.stat.battiow  =  1; 

) 

return  (1); 

} 


doppa)) 

{ 

/*  do  Pott  tit*  Packet  Acknowiedg , 

Sat 

j; 

char 

*j; 

ial 

lid, 

far  (j  =  C 

);  rpakbuf:j;  ’= 

)+*); 

if  (strncmp(£rpakbuf;j  ♦  1),  "PPA",  3)  0) 

return  (0); 

J  — . 

while  (isdijit/rpakbuffj  -  lj)) 

J--, 

>  =»  4rpakbuflj(, 
tscaaffj,  "'Ted",  &!id); 
return  (lid), 


doppa 


docssl.d) 

•  at  id, 

( 

ehnr  *p 

p  =  fttpakbufoi, 

sprintflp,  "’A'od  CSS  I",  id), 

sendpak(p), 

) 


/*  ttnd  out  Central  Soldter  Status  gutty  *  / 


docss 


sendpak(pk) 


char 

'pk 

iat 

l, 

char 

•p; 

p  =  pk, 

far  (i  «  0; 

*p;  P++) 

l  =»  i 

i  +  *p, 

stndpak 


Dte  18  10:C9  1989 
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mm.c 


mra.c 


\ 

* 

\ 


i  =  i  k  Orff, 

*P  =  (i  »  4)  -r 
if  (*P  >  '9‘] 

'O'; 

*P  =  *?  T 

T  . 

p4—; 

“p  =  i'i  3l  Ox.':  — 
if  («?  >  ’9  : 

'O', 

*?=’?- 

p 

p — . 

p  ~  I.r 

P  — . 

*p  =  CR. 

p— ; 

*?  -  0: 
key(l): 

dcount  =  10; 

/  wKiitf dcount  • ,  *( 

■wiiPdf), 

p  =  p't; 
pkputc(  Ar'i. 
pkputc!  ’X 

while  ( *pi  ( 

picputc;  "p;, 
P~*. 

\ 

1 

pkputc;  CR;, 
pkputc;  CR 
kev;  01, 

} 

pkputcjc) 

char 

1 

c, 

\ 

putcbiWcl, 

I 

S«tp»ckel(  timeout,  p<*.ype 

■  'd) 

iot 

timeout. 

ebar 

•pc  type. 

iot 

i 

,d. 

( 

iot 

dote  f, 

char 

mate  =s  0 
chksum  —  0, 

#_ 

p*kplr  =  frrxxbi: 

r  0  , 

licouat  —  '.Iffie-.Ut 
Hodc  0. 

while  f  1 !  ( 

*  SO 

w  bile  ■  "rn 

if  ■>  i;  ■  O' 

return  .TiMEOCT', 

c  -  c»Vh»/' }  *  >H7f, 

/*  kpuior/.  '/ 

/*  irtniuilOi,  */ 

•  witch  { 

ItM  0 

if  ;e  --  ■■•)  ( 

*p»kptr  » •*  c, 
fbktuni  •*■=*  c. 
rtUta  —  I. 

I 

break 
eiM  I 

if  (c  «w 
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getpacket 
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break, 

if  (c  ==  'A')  { 

*pakptr-r-f-  =  c; 
chksum  +=  c; 
rstate  =  2; 

}  else 

pkabortQ; 

break; 
ease  2: 

if  | c  ==  LK  II  t  =  =  CR)  { 

“pakptr  =  0; 

*  =  pakptr; 

* — , 

* — ; 

sscanf(i,  " %x ",  irchksujn); 
cikjum  -=  *s— ■ ~ ; 
cbksum  -=  's; 
cbksum  —  cbksum  Jk  Oxff; 

's —  =  0; 

's  =  0; 

if  (cbksum  '=  rcbksum) 
pkabort(}; 

clae  { 

far  (j  —  0;  rpakbuf'jj  ’=  j-f+); 

if  (itracmp(Arpakbuf[j  *  li,  pkiype,  3)  =  =  0)  { 

j — ; 

while  (isdigit(rpikbuf!j  -  1;)) 

J  — . 

>  =  irpakbufjjj; 
sscaaffs.  "^d",  ilid); 
if  ((lid  ==  idl  1 1  (id  ==  0)) 
rctara  (GOODPAK); 

),  } 

/*  not  our  ptekit,  ton  it  away  */ 
pkabort(}; 

)  elae  { 

‘pakptr-*  =  c, 
cbktum  *=  c; 

} 

break 

I 

if  (pakptr  >=  4rpakbuf49;) 
pk»bort(}, 

) 

) 

pkabortf) 

( 

pakptr  •—  Arpakbuf  0  , 
cbksum  ~  0, 
rstal#  =  0, 

) 


...getpacket 


pkabort 


mod?  vaid 

nvriNTtr  ■  INTINT 

) 

k*y(>)  key 

let  y 

{ 

If  (l  aa  0) 

111  1  PORTA  |=«  0a0*, 

•  lae 
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Hi  1  PORTA  &-  OxFT; 

} 

usod2  _  void 
0C1INTH 
< 


HllTFLGl  =  Ox  SO; 

HllTOCl  -=  0x-3c40; 

H 11 C  0  F  R  j  T  =  Ox  i  S 
Hi  iCOPEiT  =  Ox  a  a 

*  check  and  denounce  ays  keys  are  acru*  louij  ' 


if 

HllP  /RTA 

k  0x04;  = 

clac 

hipvai  = 

ACTIVE 

hipvai  = 

INACTIVE; 

if  C 

;<io  k  oxoi 

{ 

if  i(;Hl  1PORT.V  k  0x01)  ==  Oj) 
daval  =  ACTIVE, 

eia« 

daval  =  INACTIVE, 
if  (n.HUPORTA  k  0x02)  ==  0)) 
upvai  =s  ACTIVE, 

else 

upvai  =  INACTIVE; 

■  *  set  up  ‘or  neit  read  */ 

Hi  1  PORTA  =  0x10  ,  (Hi  1  PORTA  k  0x3F;, 

!  «•»«  ( 

if  : ( ; H 1  lPORTA  k  0x01)  ==  01) 
d<ivai  =  ACTIVE, 

cla« 

deivai  =  INACTIVE, 
if  . f (It  1 1  PORTA  k  0x02)  =-  01) 
ad  d  v  ai  =  ACTIVE, 

cla* 

addvai  =  INACTIVE. 

/*  set  up  for  neit  read  */ 

Hi  lPORTA  :=  0x80  |  (HllPORTA  k  0x3F), 

if  hlprai  ■*■  dara.  -  upvai  v  dwai  »  addral  >  1)  { 
hipvai  -  INACTIVE, 
davai  =  INACTIVE, 
upvai  —  INACTIVE, 
deivai  a-  INACTIVE, 
vidval  -  lvACTIVE. 

1 

clokeyl Ahlpvai,  fchlpiut.  Ablpttale  6iip.lv'), 
dokeyf  A.invai.  Adaiast.  idastaK,  AdaHa*:, 
dokeyl&jpval,  Aup:,  Aupitat*.  Aupf!a<), 
dok'y'A  deivai,  &d*i!a>t.  Adelxlat*  Ad*if!»t). 

!o**y(  A  addral  Aadi'ast  Aadixtat*.  .frad  iilax). 
if  adfla*  it  :>k»0  -  -  0|  { 

HllADCTI.  -  0x10 

wk.ll*  (HllADCTL  k  0x80  -=*=  0), 

viral  --  HilADRl 

I 

if  (dcountl 

dcount — . 

If  (rtrount) 

itcouat — 

If  (veouat) 

vein . — 

!ki0*  *, 

if  (sikSO  ^  =«  >0)  ( 
rlkaw  »  +  , 


...key 


OC11NT 
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...OClINT 

elk  SO  =  0; 
etime++; 

} 

if  (clksec  >=  60)  { 
clkmia++; 
clksec  =  0; 

} 

if  (elkmin  >=  60)  { 
cikhr+-!-; 
elkmin  =  0; 

} 

} 

dokey(val,  last,  state,  flag)  dokey 

char  *val,  last,  'state,  “flag; 

( 

if  ('state  =  =  INACTIVE)  { 

if  (\al  a=  =  ACTIVE  &&  ^ast  =  =  ACTIVE)  { 

'state  =  ACTIVE; 

•flag  =  ACTIVE; 

} 

}  { 

if  (*val  ==  INACTIVE  &&  last  ==  INACTIVE  &&  *flag  ==  INACTIVE)  { 

'state  =  INACTIVE; 

} 

} 

Tist  =  *val; 


__mod2  _  void 
COPINT)] 

{ 

dstatusO)  COP  RESET’  ); 

) 


COPINT 


void 


int_setiip() 

{ 

_mod2 _ void  OCllNTj); 

~~mod2 _ void  INTINTO; 

mod2_  void  COPINTf); 

void  ~  VECTOR)); 

dcount  —  0; 
scouat  =  0; 
stcount  =  0; 
etime  =  0; 

VECTOR! OClINT,  9); 
VECTORjlNTINT,  14); 
VECTOR!  COPINT,  17), 
VECTOR)  COPINT,  18), 
HllTOCl  =  0; 

HtlTMSKl  |=  0x80; 


int—setup 


tty  setup))  ttySCtup 

{ 

ckksum  =  0; 
rchksum  =  0; 
rstate  =  0; 
open)); 

HU  BAL'D  =  0x35; 
iocti) tty b,  GETPARAMS); 
ttyb->io  erase  =  CTRL('H'); 
ttyb — >io _ kill  =  CTRL)  'U '); 
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...tty— setup 

ttyb->io_flags  =  RAW; 
ioctl(*tyb,  SETPARAMS); 


com_rdy()  COTH-rdy 

{ 

if  (HllSCSR  &  0x20) 

return  (1); 

else 

return  (01. 


adon() 

{ 

HllOPTION  1=  0x80; 
HllPORT.  |=  0x10; 
adflag  =  1; 

} 

adoff() 

{ 

HllOPTION  &=  0x7F, 
Hi  IP  ORTA  &=  OxEF, 
adflag  —  0; 

} 


/*  power  up  a /&  J/ 

/*  power  up  wnstz  circuit  */ 


/*  power  down  a/d  ‘ / 

/*  power  up  wrutz  circuit  */ 


a<fon 


ado// 


r . * . / 

/*  7 

/*  GG  roulinej  */ 

/*  7 

/"* . * . / 

h  el  p_  screen  ()  helpscreen 

{ 

aclj(); 


nseuttr(DISP_NORM), 

nmessagtio  0,  '  Multiple  Casualty  Monitor 
nmessage(l,  0, 

nmessageil,  0,  'INSTRUCTIONS 
nmessage(3,  0, 
nsetattri  DISP_  REV), 

nmessxgeO,  0,  'To  Add  Casualty  To  List.'), 
nsetattri  D  ISP  _  NORM); 
nmessageU,  0,  '*  Pu»  ‘AM  near  PMC.  Press  <ADD>”), 
nmessage|5,  0,  '*  Wait  for  \"PMC  ACTIVATED\"  "), 

nmessagelS,  0,  "*  Label  body  with  number  shown”), 
ntnessagel7,  0,  "  “), 

nsetattri  0ISP_  REV), 

nmessa?e(7,  0,  "To  Delete  Casualty  from  List;'), 
nsetattri  D!SP_  NORM); 

mr.essagef'8,  0,  “*  Use  arrow  keys  to  select  ), 

nmessage(9,  0,  '  casualty  to  be  deleted  "), 

nmessagellO,  0,  '*  Press  <DELETE>,  the  message  '); 
nmessagelll,  0,  '  \ 'CONFIRM  DELETION^"  appears  '), 

nmes*agell2,  0,  '*  Pres*  <DELETE>  again  '), 

nmessage03,  0,  '  '); 

n*etattr(DISP_R£V); 
nm«M*gefl3,  0,  “To  See  Thi*  Screen;'), 
n»et»ttr(DISP__NORM); 

nm«**age<H,  6,  '*  Pies*  <HELP>  '); 

n*et*ttr(DISP  _  RBLINK) ; 

nmessagellS,  0,  *Press  any  key  to  exit  HELP  *); 

nset*ttr(DISP_NORM), 

aupdatef); 

while  (’keyhitO) 
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check_cas(NOSHOW); 
sleep(l); 
if  (addflag)  { 
kbclr(); 

addflag  =  TRUE; 

}  else 

kbclr(); 

stcount  =  STIMEOUT  *  50; 


pmc_screen() 

{ 

asetattr(DISP_REV); 

nmessage(0,  0,  "  Multiple  Casualty  Monitor  "); 
nsetattr(DISP_NORM); 

nmessage(l,  0,  "CAUS  HEART  MOT.  STATUS  "}; 
nmessage(2,  0,  "  NO.  RATE  "); 

nmessage(3,  0,  ” - “); 

amessage(U,  0,  “ - "); 

nsetattr(DISP_REV); 

nmessage(15,  0,  "Press  <HELP>  for  instructions  “); 

asetattr(DIS?_NORM); 

wsetattr(DISP_NORM); 

wcls(); 


pmc_show() 

{ 

iut 

int 

int 

char 

char 


a; 

status; 

hr_strj5l; 

*hr_sptr; 


/*  aller  window  i if  neecessary  */ 
if  (a  =  offwin(casptr))  { 
if  (n  >  0) 

wscrollup(n); 

eloa 

wserolldown(-n)- 

} 

/*  display  caualties  */ 

domore{); 

for  (i  =  0;  i  <  ness;  i-H-)  { 
wsettextpos(i,  0); 
if  (status  =  maxstat(i))  { 
if  (i  =  ==  casptr) 

wsetattr(DISP_RBLINK); 

elae 

w3ctattr(D!SP_BLlNTK); 

}  ( 

if  (i  as=s  casptr) 

wsetattr(DlSP_REV); 

elaa 

wsetattr(D!SP  NORM); 

} 

If  (casual  ty[i|.hrata  >  HR_MIN)  { 

sprintf(hr_str,  "/33d",  casualty(i)  hrate); 
hr  sptr  a«  hr  str; 

}  also  1 

hr  sptr  =*  auil  hr  str; 

} 

sprintffline,  *  %03d  %3*  %2s  %-14s“,  casualty(ij.casid, 

hr_iptr,  motioo_str[cajualtyii].stat.inoticn|, 
stat_str(status|); 


...help-screen 


pmc—  screen 


pmeshow 
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wputs(lins); 

} 

v»update(); 


pmc_showl(i) 

int 

{ 

int 

char 

char 


i; 

status; 
hr_str  5'; 
*hr_sptr; 


/*  alter  window  if  neccessary  */ 

/* 

’  if (n  =  offwin(casptr)){  iffn  >  0)  wserollup(n);  else  wserolldown(-n); 

*  } 

7 

/'  update  caualty  window  */ 
wsettextpos(i,  0); 
if  (status  =  maxstat(i))  { 
if  (i  =  =  casptr) 

wsetattr(DiSP_RBLINK); 

clac 

wseUttr(DISP_BLLNK), 

}  ««•«  { 

if  (i  ssas  casptr) 

■v»sftattr(DlSP_REV); 

clae 

wsetattr(D  ISP  _  NORM); 

) 

if  (casualtyfij.hrate  >  30)  { 

sprint/(hr_str,  casualtyiil.hrate); 

hr_sptr  =  hr_str; 

}  { 

hr_sptr  =  null  hr_str; 

)  ~ 

spnntf(line,  "  ?503d  %3i  %3s  %-l 4s',  casual tyii|.casid, 

hr_sptr,  motion _str[casual tv jij.stat.  motion), 
stat_str;status)); 

wputs(line); 

wupdln(i); 

} 


dstatus(s) 

char  *1, 

{  "  display  status  message  (full  line)  */ 

as«tattr(DISP_REV), 
ns«tt*xtpoj<15,  0), 

nputsC  ’), 

ns«ttextpos(lS,  0), 
nputil  s  I , 
dupdln(  IS), 

stcount  —  STIMEOL'T  *  50, 

> 


...pmcshow 


pmcshowl 


dstatus 


dstatusO(s) 

char  '$; 

{ 

as«tattr(DISP_REV), 

asatt«xtpo«{lS,  0); 

aput*("  *); 

ns«tt*xtpo»(l5,  0); 

nputs(s), 

dupdla(15); 

stcount  =  STIMEOUT  *  SO; 


dstatusO 


/'  display  primary  status  message  (half  line)  */ 
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..dstatusO 


dstatusl(s) 

char 


nsetattr  (DISP  _REV) ; 

asettextpos(15,  15); 

aputs(”  )i 

asettextpos(15,  15); 

aputs(s); 

d<ipdln|l5); 

stcouat  —  STIMEOUT  *  50; 


3tat_dr() 

{ 


if  (stcouat  ==  0)  { 

nsetattr(DISP_REV); 
nsettexi.pos(15,  0); 
aputs(" 
dupdla(15); 

} 


offwin(pos) 

int 


dstatusl 


/*  display  secondary  status  message  (half 
‘  line)  */ 


stat-clr 


offwin 


/*  return  scroll  to  get  window  pos  on  screen  '/ 


i  =  wgetors(); 
if  (pos  <  i) 

return  fpos  —  i);  /  scl  a 

if  (pos  >  WIN  SIZE  +  i  -  1) 

return  (j^s  -  (WIN_SIZE  +  i  -  1)); 
return  (0); 


/*  scl  dn  neg  */ 


inwia(pos) 

int 


t  mum 


/*  return  display  row  of  window  pos  (-1  i / 
*  not  tis)  */ 


i  =  wgetorg(); 
if  (pos  <  i) 

return  (-1); 

if  (pos  >  WIN  SIZE  +  i  -  1) 
return  (-1); 

return  (Wia_row_dorj  +  pos  -  i); 


domore() 


domore 


i  a  wgetorg(); 
nseUttr(DISP  NORM); 

If  (i  >  0)  { 

am«uai«(3,  0,  - - — 

spuUtU(3,  12,  DISP_REV); 
nput»ttr(3,  13,  DISP_REV); 
nput»Ur(3,  It,  DISP_REV); 
nput*ttr(3,  IS,  DISP_REV); 

)  doe 


-  ‘ -Mors— 
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...domort 

amessage{3,  0,  * - "); 

if  (ncas  >  i  +  W1N_SIZE)  { 

nmessage(14,  0,  "r - v-More-r - v"}; 

nputattr(14,  12,  DISP_  REV); 
npuUttr(14,  13,  DISP_REV); 
nputattr(14,  14,  DISP_REV), 
nputattr(14,  15,  DISP_REV); 

}  else 

amessagefH,  0,  " - "), 


/*  key  board  routines  */ 

keyhitQ  '  keyhit 

{ 

if  (hlpflag  ||  dnflag  ||  upflag  ||  delflag  ||  addflag) 

return  (1); 

elae 

return  (0); 

) 

kbc!r()  kbdr 

{ 

addlast  =  INACTIVE; 
del  last  =  INACTIVE, 
uplast  =  INACTIVE; 
dnlast  =  INACTIVE, 
hlpiast  =  INACTIVE; 
addfla?  =  INACTIVE, 
del  Hag  =  INACTIVE, 
upflag  =  INACTIVE, 
dnflag  =  INACTIVE, 
hlpflag  =  INACTIVE; 
addstate  =  INACTIVE, 
deistate  --=  INACTIVE, 
upstate  —  INACTIVE, 
dastate  =  INACTIVE, 
hlpstate  =  INACTIVE; 


arrowj()  arrows 

{ 

if  (upflag  II  dcflag)  { 
if  (upflag)  { 

upflag  =  0; 
if  (casptr  >  0) 
casptr  — , 

}  else  if  (daflagj  { 
dnflag  =  0; 
if  (casptr  <  ncas  -  1) 
casptr 

) 

return  (1), 

) 

return  (0), 


addca»o  addcas 

{ 

iat  status; 

iat  a, 

dstalusTAttecDpting  PMC  Actuation"); 
if  (ncas  >=  MAXCAS)  { 

dstatus("Limit  Exceeded  -  PMC  Not  Addsd"); 
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*leep(l); 

return; 

} 

/*  attempt  PMC  activation  */ 
retries  =  0; 

do  { 

/*  pulse  proximity  transmitter  */ 

pr°*(); 

/*  check  for  PMC  response  */ 
status  =  getpacket(2,  "PPA",  0); 

#ifdef  BENCH 

d3tatus(rpakbuf); 

#endif 

if  (sUtus  ==  GOODPAK) 
id  =  doppa(); 
retries++; 

/*  repeat  activation  attempt  until  sucessful  or  too  */ 

/*  many  retries  */ 

}  while  ((status  !=  GOODPAK  ||  id  =  =  0)  kk  retries  <  MAXRETRIES); 
if  (retries  >=  MAXRETRIES) 
id  =  0; 
addflag  =  0; 

/*  if  ii  =r=  o  then  activation  was  unsucessful  */ 
if  (id  ==  0)  { 

dstatus(“ERROR — Repeat  Activate  Steps"); 
sleep(l); 

dstaius(~Put  MM  Near  PMC,  Press  <ADD>"); 

}  else  if  ((n  =  inlist(id))  !=  -1)  { 

/*  previously  activated  PMC  */ 
if  (casualtyjnj.stat.timeout  ==  1)  { 
dstatusC  Casualty  Reactivated''); 
casualty  in], stat.  timeout  =  0; 
sleep(l); 

}  { 

dstatus(" Casualty  Already  Active"); 
sleep(l); 

} 

}  { 

casualtyjncasj.pmcid  =  id; 
casualtyiacasj.casid  —  uextcasid; 
casualtyjncasi.evnum  =  0; 
casualty[ncasl.offw  =  0; 
casualtyincasj.hrate  =  0; 
casualty  ncasj.batt  =  0; 
casuaity[acas|.mocount  =  0; 
casualty'ncasi.iahib  —  1; 
casual  tyjacasi.  stat.  hrhi  =  0; 
casualtyincaij  stat.hrlow  =  0; 
casualty:ncasi.stat.lowpulse  =  0: 
casualty;ocasl.stat.offwrist  —  0; 
casualty'ncasj  stat.battlow  =  0, 
casualty! ncasi  slat  motion  =  0; 
casualtyincas  stat.pakerr  =  0; 
casualtyjncas  stat  timeout  =  0; 
casptr  an  seas--*-. 

spriatffline,  "PMC  ACTP/ATED",  id); 

dstatus(liae); 

sleep(l); 

sprintffline,  "MARK  CASUALTY  WITH  #%03d’,  a«tcasid++); 
dstatus(tine); 

) 

} 

d*lcas() 

{ 


...addcas 


delcas 
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...delcas 


if  (ncas  >  0)  { 

/*  confirm  delete  */ 

dstat,us^"Hit  <DELETE>  to  Confirm"); 
deiflag  =  0; 

dcount  =  DTIMEOUT  *  50; 
while  (’keyhitf)  dcount); 
if  (deiflag)  { 

removecasi }, 
dstatusf""). 

}  elec 

dstatus("Casuaity  Not  Deleted"), 

}  else 

dstatus("No  Casualties  to  Delete"); 

> 

removecasi)  remOVCCOS 

< 

i«t  l,  J, 

ncas — ; 

f«r  (i  =  casptr.  i  <  ncas,  i-c-e)  { 
j  =  i  -  1, 

casualty  i:  caiid  =  casualty;;  casid; 
casualty  i'.pmcid  =  casualtyjj.pmcid; 
casualty  r.evnum  =  casualty  jj.evnum; 
casualty  offw  =  casualty;;;. offw, 
casualty!;  orate  =  casualtyjj. hrate; 
casualty  il. batt  =  casualty;;. batt; 
casualty'ii.mocount  =  casualtyjj  mocount; 
casualty  ij  slat  -hi  =  casualtyjj.stat.hrhi; 
casualty  i',jtat.  w  =  casualtyjj  stat.hriow; 
casualty  ill,  static  :is*  =  casualtyjj  stat.lowpulse; 
casualty V  stat.off-  .t  =  casualty jjj  stat.offwnst; 
casualty;!’  stat. batt.  =  casualty jj  stat. battlow; 
casualty  V  stat. motu.  ..  —  casualtyijj  stat. motion; 
casualty'll. sutpakerr  =  casual  tyj|  stat.pakar; 
casualty’ij  stat.timeout  casualtyijj  stat. timeout, 

) 

wsetattr(DISP_NORM), 

wcln(ncas); 

if  (casptr  >  ncas  -  1) 

casptr  —  ncas  -  1, 

) 

check  casfshowmodel  check — COS 

lot  showmode, 

{ 

iat  cursrow. 

if  (etime  >-—  EVALTIME)  { 

era!  flag  —  1, 
et.me  —  0, 

} 

if  (evalflag)  { 

if  (curcas  <  ness)  { 

if  (casualtycurcasi  inhib) 

casualtyjcurcasj  inbib  =  0, 

•la« 

g«tstatus(caaualty!curcasi  pmcid) 

If  (showmode  &&.  {(cursrow  =  mwin(curcas))  '=»  -1))  { 

/*  do  cu nor,  fet  and  thott  slates  */ 

dsetcurspos{curirow,  0); 

dcur»or(  1), 

pmc  ihowl(curcas), 
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...chick-cas 

dcur3or(0); 

} 

curcas-r-r, 

}  «»•«  { 

curias  =  0; 
eYalflag  =  0; 

} 

} 

} 

getstatus(id)  gctstatUS 


int 

id; 

int 

status; 

retries  =  0; 

casuaity'curcasj.stat.pakerr  =  0; 
casualty  :curcasj.stat.Umeout  =  0; 

do  { 

docss(id); 

status  =  getpadcet(2,  TSS",  id); 
retries -r-r; 

)  while  (statu s  !=  GOODPAK  &&  retries  <  MAXRETRLES); 
if  (retries  <  MAXRETRIES) 
dopssi); 

else  ( 

casualtyicurcasi.stat.timeout  =  1; 

) 

} 

inlist(id) 

int  id; 

{  /*  return  catid  i/  pmttd  it  in  raiualty  Hit  */ 

int  i; 

for  (i  =  0;  i  <  acas,  i++)  ( 

if  (casuaityjij  pmcid  =*  id) 
returu  (i); 

) 

return  (-1); 

} 

alar  m  (a  beeps) 

int  abeepr; 

{ 

while  (abeeps — )  { 
dcouat  a»  10; 

HU  PORTA  =*  HilPORTA  Sc.  Oxef; 

waitdf), 

HilPORTA  =  HilPORTA  |  0*10; 
if  (abeeps)  { 

dcouat  =  20, 

»aitd(), 

) 

) 

) 

mruUt(i) 


if  (casuaJtyfij.sUt. timeout  *=  m  l) 

return  (7); 

If  (cuu»lty(i|.st4t.pakerr  « *>  1) 

return  (6); 

If  (ctsutltyjil  stat  offwrut  ««=»  1) 


inlist 


alarm 


maxstat 
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return  (4); 

if  ( casual  tyjij.stat.hrlow  ==  1) 

return  (2); 

if  (casualty'll. stat.hrhi  ==  1) 

return  (1); 

if  ( casualty  lii.stat.lowpulse  ==  1) 

return  (3); 

if  (casuaUy’i;  stat.battlow  ==  1) 

return  (S'-, 
return  (0); 


waitdQ 

while  ^dcoust) 

if  {arrows)) 

pmc_saow(); 

} 

checkdQ 


if  (dcount)  { 

if  (arrows)) 

pmc_sbow(), 

return  (1); 

} 

return  (0); 


/*  check  dcount  ta  lee  if  tltll  active  */ 


...maxstat 


waitd 


checkd 


( 
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/ 

7 

V 

/ 

dcln 


dsett«xtpos(line,  0); 

far  (i  =  0;  i  <  DISP_COLS;  i++) 
dputc('  '); 

d»etteistpos(0,  Oj; 

) 

/'"* . * . * . * . 

/*  dcls.c: 

/*  AND1091  LCD  display  routine  lor  use  with  the  Multimonitor 

/" . . . . . 

#iacludc  <displiy.h> 

dds() 

{ 

int  i,  j; 


far  !i  =  0,  i  <  D,,;P_ROWS,  i-c+)  { 
dset»*xtpos(i,  0), 

fa,  (j  =  0;  j  <  DISP_C0LS,  j++) 
dputc( '  '), 

) 

dMltrxlpoi/O,  0), 


/*  dctrl  c:  '/ 

/*  AND  109 1  LCD  display  routine  jar  use  with  the  Mullimonitor:  */ 

/ . / 

#la«lvd«  <dupl»jr  h> 

d<-trl(v) 


lot  V, 

(  /*  send  control  byte  to  display  '/ 

DISPWAJT, 


dc.trl 
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DISPCTL  =  v; 


/*  AMD  1091  LCD  display  routine  for  wf  with  the  Multimonttor: 


...dctrl 


jf  include  <display  h> 

dctrllfv,  data) 

int 


DISPWAJT, 


»,  data, 


/*  send  display  ont  data  byte  */ 
/*  and  ant  control  byte 


dctrll 


D1SPDATA  =  data; 


DISPWAJT, 


DISPCTL  =  v; 


/*  dctrlt  c: 

/*  .\SDl09l  LCD  display  routine  for  tu«  with  tht  Miutimonitor 


^include  <duptiy  V> 
dctrl2(v,  datal,  data2) 

int  r,  datal.  data2. 


DISPWAJT, 


/*  tend  display  two  data  bytes  */ 
/  *  and  one  control  byte 


dctrlS 


DISPDATA  =  datal, 


DISPWAJT. 


DISPDATA  ---  data2. 


DISPWAJT. 

DISPCTL  --  *. 


/'  dcurior  t 

/*  \NDl09t  LCD  display  routine  for  use  with  tbe  .Uultimomtor 


^Include  Cdiiplajr  h> 
dcuraorf  mod«) 

ini  mt>d<. 


dcursor 
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...dcursor 


/*  DISPLAY  CURSOR  Off  */ 


/'  DISPLAY  CURSOR  OFF  */ 


/*  dcursor. c:  */ 

/*  AXD1091  LCD  display  routine  for  use  mti  tie  Multimonitor :  */ 

/**"* . . . . . . *****"*“/ 

^include  <displ»y.h> 

dcursor(mode)  dcUTSOT 

int  mode; 

{ 


i*  'mode) 
ac;ri(Ox9E); 

else 

dciri(Ox9C); 

> 


/*  dear ssizt.  t  */ 

/*  AXD1091  LCD  display  routine  for  use  toitk  tie  Multimonitor  */ 

/ . * . * . * . * . / 

^include  <display  h> 

dcurssue)  sue;  dcilTSSlZC 

int  sue, 

{ 

sue  =  OxAQ  |  (sue  A  0x07 } ; 

dctrl(sue),  /*  CURSOR  TYPE  */ 

) 

/ . . . *" . / 

/'  ddala  e  */ 

/'  AXVtOti  LCD  display  routine  for  use  vssth  tie  Multimonitor-  * / 

/ . . . / 

#iacl«de  <"dupl»y  h> 

dd*u(r)  ddata 

let  c; 


/*  DISPLAY  CURSOR  OX  */ 
/*  DISPLAY  CURSOR  OFF  */ 


if  (mode) 
dctrl(0x9E), 

else 

dctri(0x9C); 
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/*  send  data  4 yte  to  display  */ 

DISPWAIT; 

D1SPDATA  =  ci 


'  disp  im(  c 

/*  ASD1091  LCD  disp-ag  routine  -or  use  with  the  Multimoniior  */ 

/ . * . . . . . / 

^include  cdispiav  h> 
disp  iait() 

I 

int  i,  j, 

while  ((DISPCTL  fc  Utc20)  -=  Oj. 
dctri(0*84);  /*  MODE  SET  '/ 

dctr!2f0x40,  0,  0X0A;,  /*  TXT  HOME  COM  */ 

dctr! 2(0x4 1 ,  Chile,  01;  /'  TXT  AREA  COM  */ 

dctri2'Ox-»2,  0,  0X08),  *  GR  HOME  COM 

dc::l2IOx43.  OXlE,  01,  '  CR  AREA  COM 

dctrJ2fO*24.  0,  OXOA).  ■"  ADDR  PTR  SET  */ 

dctri:(0x24.  0,  0X081.  ADDR  PTR  SET  */ 

dctrl(OxAO),  ,  '  Ci:  .  TYPE 

dctrlfO xOC],  ,  '  DISPLAY  MODE  SET  */ 

Dup  t*xt_row  —  0. 

Dup  >xt_col  =  0, 

D;«p_curj  row  =  0, 

Dup  run  col  —  0 

Disp  text  iitr  DPI*  NORM 

Nxt  text  mw  .■=  0, 

Nxt  texl  col  =  0. 

Nxt_c\jrt_row  «s  0, 

Nxt_curx_col  =■  0 

Nxt  text  xttr  -  DISP  NOPM. 

fwr  (i  «  0.  .  •'  DISP  ROWS,  |  ( 

fer  {,  0.  i  ■'  DISP  COI  S.  j  *  *)  | 


...ddata. 


disp-init 


7 


7 
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Cur_img_ch[ij(j] 

Cur_img_at[i][j] 


dupdateQ; 


dputs(s), 


dputattr.c: 


...disp-init 


/'  dmcssage.c: 

/*  AND1391  LCD  display  routine  for  rise  with  the  Multimonitor : 


^include  <display.h> 
dmessage(r,  c,  5) 

int  r,  c; 

char  '5; 

{ 

dsettextpos(r,  c); 


dmessage 


^include  <dispiay  b> 
dputattr(r,  c,  attr) 

int  r,  c,  attr; 


dputattr 


dsetattrposlr,  c); 
dctrll(0XC0,  attr); 


/*  aptitc.  c: 

/*  A  HD  109 1  LCD  display  routine  for  use  with  the  Multimonitor- 


^include  <display  h> 

dputc(c) 

iot  c; 


dputc 
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...dputc 


if  (c  ==  *\n')  { 

Disp_t«xt_col  =  0; 

Disp_t«xt_row  =  (Disp_text_row  +■  1)  %  DISP_ROWS, 

else  { 

c  =  c  -  0x20: 

'  write  char  */ 

dsettextpos(Disp_lext_row  Disp_text_col), 

dctrll(0xc0,  c); 

/*  write  char'}  attnbute  '/ 
dwtittrpos(Disp_text_ro'w,  Disp_tex:_col); 

dctrll(0xc0,  Oisp_text_xtlr), 

/*  update  row  and  col  vanabhs  ' / 

Disp_text_col-*— 

if  (Disp_text_col  >=  D!SP_COLS)  { 

Disp_itext_col  =  0; 

Disp_text_row 

if  (Dijp_text_row  >=  DISP  ROWS)  { 
Disp_text_row  =  0, 


} 

} 

i 

) 

/ . . . * . / 

/*  dputchar  c:  */ 

/*  AND1091  LCD  display  routine  for  use  with  the  Multimonitor  */ 


/ . * . 7 

^include  <display  h> 
dpuicharfr,  c,  ch ) 

int  r,  c,  ch, 

{ 

ch  =  ch  -  0x20. 
dsettextpusi'r,  c), 
dctrl  1  (OxcO ,  ch), 

) 

/ . * . *"7 

/*  dputi  c:  */ 
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/*  AND1091  LCD  display  routine  for  use  with  the  Multimonitor:  ' 

y»*«*««»*«*t*  ***«*-<  *****#***«*««******#****************»««****«-»***«#***«*  *^< 

#include  <display.h> 
dpats{s) 

char  *s; 

{ 

while  ( ’s)  { 

dputc( 's); 


dputs 


/*  drc2aaddr.c: 

/*  AND1091  LCD  display  routine  for  use  with  the  Multimonitor: 


^include  <display.h> 
drc2aaddr(r,  c(  msb_ptr,  lab_ptr) 

int  r.  c,  *msb  ptr,  ^b_ptr; 

{ 


drcSaaddr 


if  (r  <  8)  { 


'bb_ptr  =  r  '  30  +  c; 


•msb^ptr  =  DISP_AADDRlM; 


else  { 


*lsb_ptr  =  (r  —  8)  *  30  +  c; 
*nisb_ptr  =  DISP_AADDR2M; 


/*  drc2taddrc 

/*  AND1091  LCD  display  routine  for  use  with  the  Multimonitor: 


^include  <display.h> 
drc2taddr(r,  c,  msb_ptr,  lsb_ ptr) 

int  r,  c,  *m$b  ptr,  Tsb  ptr; 

{ 


drcStaddr 


if  (r  <  8)  { 


*lsb_ptr  =  r  '  30  +  e; 
*msb_ptr  =  DISP_TADDRlM; 
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...drc2taddr 


) 

elac  { 

^b_ptx  =  (r  -  8)  *  30  +  c; 
*msb_Ftr  =  DISP_TADDR2M; 


7 


dsetattrpos 

int  r,  c; 

{ 

int  Wo,  msb, 

drc2aaddr(r,  c,  ibmsb,  dfclsb) , 
dctrl2(0X24,  Isb,  msb); 

Disp_t«xt_row  =  r; 

Disp_text_col  =  c; 


} 

} 

/"*’*****’“** . ***** . ***** . * . "***"* . / 

/*  isetattrpcs.c 

/*  AND1091  LCD  aisplay  routine  for  use  with  t he  Multimonitor:  */ 

/ . *************** . * . * . . . / 

^include  < displ ay  h> 
dsetattrpos(r,  c) 


} 

/ . **** . * . * . / 

/*  dsetattr  c 

/*  AND1091  LCD  display  routine  for  use  with  the  Multimonitor .  '/ 

/ . * . . . * . / 


#include  <display.h> 
dseUttr(ittr) 

int  itti; 

{ 


dsetattr 


Disp_t«t_aUr  = 


/ . . . * . * . / 

/*  dseteurspos.  e  '/ 

/'  AND1091  LCD  display  routine  for  use  unth  the  Multimonitor:  ’ / 

/ . * . / 

fiHneinda  <display.h> 

d*etcurspoi(r,  c)  dsetCUTSpOS 

int  r,  c; 

{ 
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...dsetcurspos 


if  (r  >=  8) 
r  =  r  +  0X10  -  0X08; 

dctrl2(0X21,  c,  r); 

Disp_curs_row  =  r; 

Disp_curs_coi  =  c; 


/*  dsetteztpos.t  */ 

/*  AND1091  LCD  display  routine  for  uae  with  the  Multimonitor:  * / 

/•*****"" . . . . . . . *******””**'""7 

^include  <display.h> 

dsettextpos(r,  c)  dscttSXtpOS 

int  r,  c; 

{ 

int  lsb,  msb; 


drc2taddr(r,  c,  &msb,  Alsb); 
dctrl2(0X24,  lsb,  msb); 
Disp_text_row  =  r; 
Disp_t«xt_col  =  c; 


/'*'* . * . . . .  .  .  . . ""/ 

/*  dupdate.c  */ 

/*  AND1091  LCD  display  routine  for  use  with  the  Multimonitor :  * J 

/ . . . * . **'**/ 

#inelnd«  <display  h> 

dupdaut)  dupdate 


int  i,  j; 

fnr  (i  =  0;  i  <  DlSP_ROWS,  i++)  { 

for  (j  =  0;  j  <  D1SP_C0LS;  J++)  { 

iT  (Cur_img_ch(i|[j|  !=  Nxt  Jmg_ch(ij[j|)  { 
dsett*xtpos(i,  j); 

dputeharfi,  j,  Nxt_imj_ch(i|[jl); 
Cur_imj_cb(i|jJl  =>  Nxt_img_ch[i![j|; 

} 

If  (Cur_img_»tjil[j|  !*  Nxt_imc_»t(i![jl)  { 
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...dupdate 


) 


dsetattrpos(i,  j); 

dputattr(i,  j,  Nxt_img_at[i][j|); 
Cur_img_atjii!j  j  =  Nxt_img_at|ij[j); 

> 

} 

Disp_t«xt__row  =  Nxt_text_row; 

Disp_tex:_ccl  =  Nxi_text_col; 

Disp_curs_row  =  Nxt  cur3_row; 

Disp_curs_col  =  N’xt_curs_col; 

Disp_text_ittr  =  Nxt_text_attr, 
dsetcur3pos(Nxt_curs_row,  Nxt_curs_col); 


} 

/ . * . * . . . . . V 

/*  dupdtn.e 

/*  ASD1091  LCD  dtiplay  routine  for  use  with  the  Multimonitor:  */ 

/ . . . / 

^include  <display.h> 
dupdla(i) 

int  i; 

{ 


7 


dupdln 


int 


J, 


r®r  (j  —  0,  j  <  DISP_COLS;  j-r— )  { 

if  (Cur_ing_ch V[j;  '=  Nxt_img_chji;!j])  { 
dseUextpos(i,  j  j , 

dputcbar(t.  j,  Nxt_img  cb'i:;jj); 
Cur_img_ch  ijjj!  =  Nxt_img  cbjii[jj, 

} 

:r  (Cur_img_at.:i]jjj  '=  Nxt_img_»t!i]'jj)  { 
dsetattrpo*(i,  j), 

dputattr(i,  j,  Nxl_img_at!ij!ji), 
Cur_img_»t[\ijj|  =  Nxt_img  at{i](j]; 

) 

) 

Di*p_Uxt_row  =  Nxt_t«xt_row; 

Di»p_l«xt_col  =  Nxt_t*xt  col, 

Diip^cur*  row  =  Nxt  cur*  row; 
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..dupdln 


Disp_curj_co!  =  Nxt_curs_cci; 
Disp_text_attr  =  Nxt_text_attr; 
dsetcurspos(Nxt_cura_row,  Nxt_curs_col); 


/*  ncln.c: 

/ *  AND  1091  LCD  display  routine  for  use  with  the  Multimonitor:  ‘ / 

^include  <display.h> 
ndn(line) 

int  line; 

{ 


nsettextpos^line,  0); 

for  (i  =  0;  i  <  DISP_COLS;  i++) 
nputc('  '); 

nsettextpo^O,  0); 


/*  nels.e: 

/*  AND1091  LCD  display  routine  for  use  unth  the  Multimonitor: 


#inelude  Cdispiay  h> 
qc1j() 

{ 


for  (i  =  0;  i  <  DlSP_R0WS;  i++)  { 
o*ettextpoe(i,  0); 

for  (j  =  0;  j  <  D1SP_C0L«;  j++) 
npuu:('  ), 


siettextpot(0,  0), 


/*  nmeiiafe.e. 
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/*  AND1Q91  LCD  display  routine  {or  use  until  the  Multimonitor:  */ 

r . . . . . . . . . "*/ 

#inciude  <displiy.h> 

ames3age(r,  c,  s)  nmessage 

int  r,  c; 

char  's; 

{ 


nsettextpos^r,  c); 
aputs;s); 

> 


/ . . . * . . . . . * . / 

/*  nputattr.c  */ 

/*  AND1091  LCD  display  routine  for  use  with  the  Muitimomtor:  */ 

/** . * . . . . . . . / 

^include  <disp!iy  h> 

apuuttr(r,  c,  ittr)  Tipiltattr 


int  r,  c,  attr; 

{ 

=  ittr; 


} 

/*"“*'*' . . . . . . . . 

/'  nputc.c  */ 

/*  ASDt09i  LCD  display  routine  for  use  with  the  Multi. nonitor:  */ 

/ . .  . / 

IP  in  el  a  da  <dupl»y  h> 

apulc/c)  nputc 

ioa  c; 

( 

if  (C  A*')  { 


N’x:_t*xt_eol  =  0; 

Nxt  _t-*xt_row  =  (Nxt_>xt_row  +  l)  %  DISP_ROWS, 

) 

alsa  { 

/*  write  char  '/ 

BKtUxtpo»(Nxt_Uxt_row,  Nxt_Uxt  -ol), 

/'  wnte  char's  attribute  */ 
a»«Uttrpo»lNxt_Uxt_row,  Nxt_V«xt_col); 

Nxt_ini|_chJN'xt  tail  rowj[Nxl  text_col|  =  c; 

Nxt_icnc_*t!Nxt  taxt  rowij.Nxt  Uxt  col j  =*  Nxt_t«xt  xttr; 
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...nputc 

/*  update  row  and  col  variables  */ 

Nxt_text_col-H-; 

if  (Nxt_text_col  >=  DISP_COLS)  { 

Nxt_text_col  =  0; 

Nxt__text_row++; 

if  (Nxt_text_row  >=  DISP_ROWS)  { 

Nxt_text_ro,v»  =  0; 

} 

} 

} 

} 

/*""•***** .  . . . . . / 


/*  nputchar.c  */ 

/*  ASD1Q91  LCD  display  routine  for  use  with  the  Multimonitor :  */ 

/***" . * . * . * . * . ""*"*****' . / 

fiiclade  <di5pU7.it> 

aputchar(r,  c,  ch)  TiputchcLT 

int  r,  c,  ch, 

{ 


Nx:_imj_ch;r!Jc)  =  ch; 


/*  nputs.c  '/ 

f*  AND1091  LCD  display  routine  for  use  with  the  Multimonitor:  •  */ 

r . . . '**/ 

#iaelnd«  <diipliy.h> 

cputs(i)  nputs 

char  *j; 

( 

while  (*»)  { 

nputc(  *j); 

) 

) 


/ . / 

/*  metattrpos  c  */ 

/*  ANDIC91  LCD  display  routine  for  uj<  with  the  Muttimoniior:  * / 

. . / 

#ieclada  <di«pUy  h> 

a*at»ttrpo»(r,  c)  nSetattrpOS 

iai  r,  c; 
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Nxt_text_row  =  r; 
Nxt_text_col  =  c; 


...nsetattrpos 


/*  nsetattrposc: 

/'  AND1091  LCD  display  routine  for  use  with  the  Multimonitor: 

/“** . * . . . * . * . 

#iatludc  <dijplay  h> 
ns«tattr(»ttr) 

■  at  »ttr; 

{ 

Nxt_text_ittr  =  »ttr; 

} 

/**“ . * . 

/*  ruetcurspos  e: 

/'  AXD1091  LCD  display  routine  for  use  with  the  Multimonitor: 


#inclad«  <dupliy  h> 
n«tc:jripoj(  r,  cj 

■  at  r,  c; 

{ 

Nxt_cur*_row  =  r, 
.Vxt  curs  col  =  c; 


/"  nselttitpoi  e 


/'  ASD1091  LCD  display  routine  for  use  with  the  Multimonitor  '/ 

/ . . . / 

^include  <dupi»y  h> 

n5*Uextpo»(r,  cj  TlStttcXtpOH 

•  at  r,  c, 

{ 


f 


Nxt_lext  row  =  r; 
Nxt_text_col  *  c; 

) 

/MlfMMMMIMMMlMIMM 


/ 
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/*  i actn.c: 

/*  AND  1091  LCD  display  routine  for  use  with  the  Multimonitor:  * / 

include  <displav.h> 
cln(Une) 

int  tiae; 


wcln 


wsettcxtpos^ine,  0); 

fnr  (i  =  0;  i  <  DISP_C0LS;  i++) 
wputc(‘  '); 

wsettcxtpos(0,  0); 


/*  wcls.e: 

/*  AND1Q91  LCD  display  routine  for  use  with  the  Multimonitor: 


^include  <displiy  h> 

wcisO 


for  (i  =  0;  i  <  W1N_R0WS;  i+-f)  { 
wjeit*xtpos(i,  0); 

fee  (j  =»  0;  j  <  D1SP_C0LS;  j++) 
wputc('  '); 


wsett«xtpos(0,  0), 


/*  wgtiorg  e. 

/*  AND1091  LCD  d.splay  routine  for  use  wilA  tho  Multimonitor: 


#io«lede  <ditpl»y  h> 
w|«tor{() 


wgetorg 


return  (Wia_row_orj); 
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/"*'“* . '**'•*** . . . 

/*  »tn_(o  nxt.c: 

/*  ANDl09t  LCD  display  routine  for  use  uni  A  the  Multimonitor: 

include  <dispiayi> 
a  to  axi(l 
{  ~  " 


V 

/ 


ini 


i,  j,  nrow,  wrow; 


v 


wiru.to-.nxt 


arow  =  Win_row_dorg; 
wrow  =  Wm_row  orj; 

*®r  (‘  —  0;  ;  <  Wia_row_|en;  i-t-r-,  arow-*-+,  wrow++)  { 

f«r  (j  =  0;  j  <  DtSP_COLS;  j+-f)  ' 
nputchir(arow,  j,  Wia_ch,'wrow  j  ); 
apuuttrfarow,  j(  Win_»t[wrowijjj); 

} 

) 

asettextpoilO,  0); 


/*  wln_to_nln.c : 

/*  ASD1091  LCD  display  routine  for  i see  <si(A  (Ac  Multimonitor: 


V 


#  include  <dupl»y  h> 
w[a_^to_aln(wrow) 

ini 


wlrL-.tO-nln 


mi 

ini 


j,  aro* 
offset, 


offs*.!  —  wrow  -  W.o  row  orj, 

if  (Offwt  ‘-r  Wiq  row  !*d  ||  offset  <  0) 

return. 

arow  =*  Wia^row^dorj  r  offset, 

fer  (j  =  0.  )  <  DISP_COLS,  j  +  *)  { 
apatcbwfarow,  j,  Win^cbiwrowjfjij, 
apiitatufarow,  j,  W1D_»t[wrow![J;), 

) 

) 
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. ...a.,.,..,..,........,...............,.......,.../ 

/*  wmaJee.e:  */ 

/*  AND1091  LCD  display  routine  for  use  un  ft  tie  Multimonitor:  */ 

/......I,..,..........,,,,...,....,...,........ 

fiactude  <display.h> 

wtr.akeidrow.  len)  WVIClkc 


i*>*  drow,  len; 

{ 

Win_row_len  —  len; 
Win_row_  orj  =  0; 
Win_row_aorg  =  drow; 
wseUttr(DISP_NORM); 

5 


/ . ****** . * . ****** . *'***/ 

/*  amt  stage .  c:  '/ 

/'  ANDK'91  LCD  display  routine  {or  us*  with  the  Multimonitor :  */ 

/ . ******* . ***** . ***/ 

#iaciad«  <dijplayh> 

wmessig*(r,  c,  >j  ZUTTlCSSCig 6 

iat  r.  c; 

char  *»; 

{ 

wjett*xtpo*(r,  c), 

wpi.UI*); 


) 


/*  aputattr  c: 

/*  ASD1091  LCD  display  routine  for  use  w«M  Me  Mullimonttor  */ 


fioelade  <dupl*y  h> 
wputatirlr,  c,  attr) 

■  ni  r,  c,  attr; 

( 


7 


wputattr 


Win_»t:r'|[cj  a*  attr; 


} 

/ . * . * . / 

/*  wputc  <  */ 
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/*  AND1091  LCD  iitplay  routine  for  t at  untk  the  Multimonitor:  */ 

/ . . . * . * . ***/ 


^include  <di:play.h> 
wputc(c) 

int  c; 

{ 


if  (c  An  )  { 

Win  text_col  =  0; 

W;2_uxt_rov.  =  (Wm_text_row  ^  1)  %  W1N_R0WS, 

} 

else  { 

/*  umtt  char  */ 

wsettextpos(Wia_text  :a»,  Wo  text  col), 

/*  write  ckar'i  attribute  '/ 
wjetxttrpoj^Wia  text_row,  Wia_text_coi); 

Wia_ch<Wia  text  rowiJWia  text  col j  —  c; 

Wia_»t;W'n_text  _row';[Wia_text_col!  —  Wia_text_xttr; 

/*  update  row  and  cat  vartablet  */ 

Wia_text_coi-r— ; 

if  i Wia_text _col  >  =  DISP_COLS'  { 

Wia_text_col  —  0; 

W]B_text_row-*--*-, 

if  (Wia_text_row  >=  WIN_ROWS)  { 

Wia  text  row  -  0; 

) 

) 

} 

) 

/ . / 

/ ‘  uipulcAar  r  */ 

/'  ASD1091  LCD  dup/ay  routine  lor  me  with  ike  Multimomtor  */ 

, . . . / 

^include  <dnpl»yh> 
wputchxrlr,  c,  ch) 

iat  r,  e.  eh, 

{ 

Wia_  ch'ri’cj  =  cb. 

) 
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/*  wputs.c: 

/*  AND1091  LCD  display  routine  for  use  with  the  Multimonitor: 

/' 


7 


^include  <display.h> 
wputs(s) 

char  *s; 

{ 


7 


wputs 


while  (V)  { 
wputc( 's); 
s++; 


} 


/* 

/*  wscroildoum.c: 

/*  AND  1091  LCD  display  routine  for  use  with  the  Multimonitor: 
/' 


7 

7 


^include  <display.h> 
wscrolldown(n) 

int  n; 

{ 


7 


wscrolldown 


Win_row_org  —  =  a; 
if  (Wia_row_crg  <  0)  { 

Win_row_org  =  0; 

} 

wi3_to_nxt(); 

dupdateQ; 

} 

/"'*** . *"*"* . * . ”*"*** . . 

/‘  wscrollup  c 

/*  AND1091  LCD  display  routine  for  use  with  the  Multimonitor: 

/ . . . * . '*"**"*"* . . 

^include  <display  h> 
wscroilup(a) 

int  a; 


7 

7 

7 


7 


wscrollup 


int 


lastpos; 


lastpos  =  WIN_ROWS  -  Win_row_iea  -  1; 
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...wscrollup 


Wia_row_org  +=  a; 
if  (Wia_row_org  >  lastpos)  { 
Wia_row_org  =  lastpos; 

wia_to_axt(); 

dupdateQ; 


} 

/******** . * . **************** . ** . * . **7 

/*  wsetattrpos.c  */ 

/*  AND1091  LCD  display  routine  'or  use  with  the  Multimonitor:  */ 

./**** . . . . . . . . . / 

^include  <displ ay  h> 

wsetattrpcs(r,  c)  WS6t(lttTpOS 

int  r,  c; 

{ 


Win_text_row  =  r; 
Wia_text_col  =  c; 


} 

/ . * . * . . . . . .../ 

/'  wsetattr.c  */ 

/*  AND1091  LCD  disp'—j  -•••.tine  for  use  with  the  Multimonitor:  */ 

/ . . . . . * . 7 


^include  < displ ay  h > 

wsctattr(attr)  WS6tdttT 

int  attr; 

{ 

Wia_text  attr  =  attr, 

} 


/*  wsetcurspos  c 

7 

/ *  ANDl09t  LCD  display  routine  for  use  with  the  Multxmonitor: 

*/ 

/********* . ****** . ***** . 

^include  < d ispl ay  h> 

ws«tcurspos(r,  c) 

vioetcurspos 

int  r,  c; 

{ 

Wia_eurs_roxr  =  r; 
Wia_'-urj_col  —  c; 
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...wsetcurspos 


} 


!' 

/*  wsetteztpos.e 

/*  AND1091  LCD  display  routine  for  use  with  the  Multimonitor: 


7 


I  *  $  *  9  * 


t  t  t  *  t  i  t  * 


^include  <display.h> 
wsettextpos1'*  c) 

Ink  r,  c; 

{ 

Wia_text_row  =  r; 


Wia_te\t_col  =  c; 


} 


/* 

/*  wup date.e: 

/*  AND  1091  LCD  display  routine  for  use  with  the  Multimonitor: 

/' 


7 


^include  <display.ii> 
wupdate() 

{ 


win_to_nxt(); 

dupdate(); 


} 


/ . . . . . *•*•**•“**  —  * . 

/*  wupdln.e: 

/*  AND  1091  LCD  display  routine  for  use  with  the  Multimonitor:  ‘ / 

/ . . . . . * . * . **'*'7 

^include  <dispiay.h> 
wupdln(i) 

int  i; 

{ 


int  j; 

if  (i  <  Win_row_org  ||  i  >=  Win_row_lea  +  Wia_ro\»_org) 

return;  ~ 

■wln_to_ala(i); 

j  =  Wia_row_dorg  +  i  -  Wia_row_org; 
dupdln(j); 


7 


wsettextpos 


7 


wupdate 


7 


wup  din 
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r 

f. 


i 
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